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wwork ell be smaneed te gray one 

Englishman wI tmodern 

times bas svalled thar of Artois over the late 

‘wedicval epoch—Sie lac News. 

B,J. E, Wooltlign ef Department of Pon 
JB. it hb 
lumbia University, for the stimulis of his teacking 

‘and for his own critical interest in Newton's mapeyt 

te, Prof. Morris BR. Coben, of the Cal 

ity of New York, an authority in chin 3 to Dr 

JH Randal, Jo, whoee extensive resarchot in the 
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panionthip and the tak would have been 
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‘A word about the quotations in the followin 

chapters. Since I have dealt in part wit 

hitherto untranslated source material, T roust accept 

‘teaponsibility for the translations of : Copernicus 

(except for the Letter to Pope Paul U1, where I have 

used “Miss ‘Stimson's translation in her 

Gradual Acceprsnce of the Copernicar Theory of the 
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PREFACE TO THE REVISED EDITION 


We hat I ite the it 
Row Soe erent 
the world of science since the deys of Newton, and 
ccapecially in the light of contemporary transformation 


in physics Tn iew of that I am pernuaded thet the bert 





‘The concluding chapter, however, has been slmovt 
cetey rewriting empha sno longer 
quite contontnt ith t philosophic 
Ei leds tg on een of vd 
iy in much & form as to yield pertinent suggestions 
porary speculation. 
EAB 
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a2 dderly Puritan matoc. Bot er do 
ssueceed in glimpsing some of the probleme involved in 
the metaphysical notions oftheir day and take harmless 
sprue in pecueting et them in mor or ln Fe 


rreatment, it has generally ‘been takes for granted, 
‘Sonsticute the main business of metaphysical thinkers ? 
‘Well, moet conspicuous ofthese isthe so-called problem 
of Knowledge; the main current of speculative 


2 INTRODUCTION 


inquiry from Deacarics oxward has been permeated 
the conviction that investigation into the manure 
sand pouibilty of knowledge forms pre 


Haninaey to the succesful attack upon otber ultimate 
icon Hors ow Gd al ie come shove, What 
‘eum Fer ele spug Tha lunged 
oe St wie anumpon into 


ponderings ? How did these esmumy 
ae lakog? Te sy oak omens of» dine 
‘when everybody vigorously beleves that philosophy 
ust do his sort of thing, is, of course, inopporsune 
‘and fatile, but aow tha some contesaporary’ philoso 
her have made bold to discard epistemology am the 
‘Tuidy of unreal puzzles, the occasion in ripe to 

Cheat, Does the problem of knowledge fed thing 
into falas dizections, and nally in concasioos by 
‘unsound premises ? "What are the premisce anyway, 
ow are hey ranted tothe ocher esental fearon 
‘modern thought, and what was it at bottom that 
induced people in tmadere timer to, think in. thir 
fashion ? : i, 





nentand, Vitae te lt nd ho 4 hy 
Di ihoy wre inherent te particule’ meopyes) 


c i ic 
Seengh sith St oe teas Paes ett 
Have these cou Tibhar wis deny ope 
mology really made this whole process thoroughly 
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ive to themselves ? Why, i 
ccarreat of modern’ what iti? 
"When ‘the min curreat of moder thought is 
spoken of fn this wholesale fashion, a brief word might 
ie Inlet to shaw that « cariscbviou danger 
rt blindly fallen into. It may very well be that the 
{uly constructive iene of ender pilosophy are not 
‘coumological ideas at all, but auch ethice-eocial con- 
‘cepts an. progress,” * control,” and the like. These 
form « faxkaating key to the interpretation of modern 
he and give it » quite different contour from that 
‘wich i aauracs when we follow up ity metphysial 
tions. But with that aspect of modera thinking 
‘are not concerned in the present treatment. In the 
last analysis it is the ultimate picture which an 
ferro ofthe eatare of is world that i les note 
‘mental possession. [tia the final cantrolling fxctor 
in all thinking whatever. And that the caodern «tind 
clearly has such « picture, as clearly as any 
fage that one mipht with to elect, i will not take ua 
long to see. What are the emential elements in that 
picture, and how did they come there ? 
‘Doubtless it is no mystery why, aid all the genetic 
entered pou with wuch conddence to-day, 
ture and assumptions of modern acientific 















that all of us tend easily to be caught in the 
point of view of our age and to accept unquestioningly 
4a main presuppositions: itis due also to the associa 
tion in our ends between the avthoritarian principle 
‘and that dominant medieval from which 
‘modern thought broke in sucessful rebellion. Modera 
thinkers have been #0 unanimous and 20 vigorous in 
‘their condemnation of the manner in which lay 

propositions were imposed on inzocent minda 

‘exizenal authority that it bas been rather easly taken 





Sey coping of rans rato ho papal 
= ‘an’ ration to his nana 
riggers Foy amin teed medial 
theoght, foam cecupied a mone significant 
enki. ‘pce in ibe wafrene She the pean of 
Phra! nature, while for the min corrnt of modern 
Enough, marae holds 1 more lndependeat, more 
devsslnative, and more perraneat place thea man. 
Twill be elpfl to analyse th contrart more speci 
‘For the Middle Ages cuan mas in every acoso 
{he conte ofthe universe.” The whole world of mature 
svat believed tbe tleslogicaly subordinate £0 him 
Th hs otal dering. foward ‘tea conviction the 
fre gat meron pe ad bcos in he 
Greek. philosophy. and Ju 
Gan Deology, bed iveasty fod The 
‘allng worldview afte prod wat marke by» decp 
edema at nih st 
Hal, was the al-important, even controlling fact 
Oe univer 
"Thia view uaderay medieval physics. The entire 
srorld of nature wea eid not only to exe fr man's 
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‘sake, but to be likewise immediately present and fully 
Tmtcligitietohismind. lene the catagory arts 
of which i was interpreted, were aot thos of timmy 
Sac aah, Say, 7 but substance, 


in the atteropt 
form the facts and relations observed in man’s untided 
‘tense-experience of the world and the main uses which 
the made it secve. Man was believed to be active 
in hs acquisition of Rnowiedge—earure. pane, 
‘Whea he observed x distaat object, something pro- 
‘ceded from his eye to thet object rather than from the 
‘object to his eye. And, of course, that which was teal 
stout objet was thar which Grud be immediacly 
petecived about theza by Inuman senses. Things that 
‘Sppenred different were different substances, auch x 
fem, water, and steam. The famous puzzle of the 
water bot to onc hand and cold to the other was = 
fimize sificaly © medieval because for it 
land cold were distinct . How then 
Se 
ight and heavy, being distinguished by the senzes, 
we de dene geben ack le ae 
‘ther. Similaly on che teleological 
planation in terms of the celation of things fo human 
urpose ‘was eccounted just ax real as and often more 
than an in terms of efficient 
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belived to have oo weight samnoch ait wos szeady 
an it proper place, But we need not multiply 
inweances 5 sol oll scaly Wore toe my 
reapects in wick modicral ucience testified to its 


tion that asan, with bis means of 
Sud Ar neds was the determinative fact nthe worl. 

Furthermore, it was taken for that thio 
teereatrial habitat of man was in the centre of the 
sstronomical rela. With the exception of 1 few 
ibardy but wattered thinkers the legitimacy af selecting 
tome other point of reference in astronomy than the 
earth, bad never suggested itself to any one. The 
earth appeared a thing vast, solid, and quiet: the 
starry heavens seemed like « Tighe, airy, and not oo 
Giatant sphere moving easily sbout it: even the 
Ikccnest stientic investigators of ancient times dered 
not suggest that the sun was a tweotith of its actual 
ee en ches ere neal 

t these regoler, shining lights were made to 
ice round mans delingice, exe nahn fot 
his enjoyment, sastrachos, and. use? The whole 
Sele as 8 cl span sed ou ne 

ce. He occu centre vas the 
ontrelling end of the natural creation. 

‘Finally, the vusible universe itself’ was infmitely 
sre lan the rea of an,” The madir hinkee 
never forgot that kis philosophy was a rligious 
hy, vith rm person of a's immoral 

the Unmoved Mover of Aristotle and the pervonul 
Father of the Christian had become one. ‘There was 
an eternal Reason and Love, at once Creator and End 
f the whole comic scheme, with whom man i a 
Teasoning and loving being was essentially akin, In 
the religos experince wat tat Kimkip reveled, und 
the religiows experieace to the medicra) philosopher 
tru the ownang eceatc ct "emaa Lad borowe 
married to eajatic inwardsen and entrancement 5 
the crowning moment of the one, that transitory but 
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inexpresaibly ravishing vision of God, was Ukewise the 
-momeat in which the whole realm of man's knowledge 
(pained final significance. The world of nature existed 
tbe known and enjoyed by man. Man in 
torn eid cherie might = eee Gol nad ner ti, 
Forever" Ta th prcioualy veucoafed Knap of 
sma wih 0 Reason sed Lave ay, for meds 
cea peopl» peas ‘hat the 


its peecoc Earn wea but « momeat io 











tod proaent and in which man's place 
log erate 
etme i i reine det 


4, im ees from that eavelloos pete prot 
ths plwepy of the Mile Ags Dike Cones 

1 a pu a ble fer the peeing 
onvicton of the ewentlly damon character of the 


The Albee’ Yory Famuvmethvngh 2s aor so rphoweh 

{8 00 ron ney te ba te 

a hat bean whch ot seh of Hg ave naj ada 
ue thing sich wh donee from pth hath ot kao 
te pom erway 

Daca i deh gt 9 demo atin aah dep het 
Tmmy cana go bn spon fa omc 





‘apis ha exabed orate ce oro oie rel Worth, wach, 
the gual wines wn mc hemes pa 








oe wi sac res =e bro 

‘Tis teehee ir ed hn en Cn ha more a th te 
of Nags that dey in dab owt orth wget ond a 
(Nec eng the uma a lack Sagem Str bow sens, Dat 
‘hw tar ha bh nent aed fom 








(© Light reo oly tal eo hye dt tran, 
sw cel, ected, a-sodemmnding, ena te sd 


ing whch nye nw bcm ane Bt, 
15 loinc moa ep wither gy ed St 
omy right wera comexiond | coat 
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Aether he as Mt > ma esa ha ah, 
‘ne lak ey pails kh 

(Sach po Ta aw a ce Foc ane arth ge 
"oan wit ccs wal ew bch Hw 

‘Data fer wey pop wings ott yi ween by 
‘sta otands ie laa 


ee cig wh tet nth gel 
‘2p ts Lom at tome ten and aa nan? 


Compere with this an excerpt from « representative 
‘contemporary philosopher of influence, which cmbodiee 
papery ey of rman 
widely current in modern times, After quoting the 

alan account of eration @ He ° 








eek npc th a Lge to tend uly wt the al 


Paley 
Epc thew wot ony onthe Gr Sadie eid pa, 
(Oe ous biotic hence bw my ba 

"Ref snd pork = Max ie on senda Hoth dow tt 
cc ft pla ok ck. nde pdr, rc of arc, 


po cane, ty prone « id fe frm the teen pansy 
‘ul i cotwand Ut prodiy dese of ie Ksice ocm at tee, 
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10 INTRODUCTION 
Soca noone. i owls nd cde tse wy 
ec enpeling Ait rt tc bo os Se oon Spe 
Se eueplng nan of emcee me 
‘Wha 1 contrast between the audacious philovophy 
of Dene epochal, oetenpians, inbaitely Soe 
tes an emporny product ef blind ad purpow 
tem a 
le pti ola opcnoy ob igh sk 
‘as alien intruder on her domain® No high place in a 
‘onmic teleology is bis ; bir ideals, bis hopes, bis 
‘mystic raptures, are but the creations of bis awn errant 
and enthusiastic imagination, without wtanding or 





"Thin i of course an extreme postion 
dine oer tate ete me ae 
bis comslogiod his soalysia 

Suton Cargill ore so i increniog 
tageney Teo be tur, there ar always some who ty 
te avoid coemol “heer keri Weise 
Pleo ‘much lager number of religious 
Enthusiast who confidently hold toa dierent vem, but 
‘woul ienot be safe to ony that even mong their Fania 
{here is much ecret fear Chat someting ike the above 
‘nviction would be found inewepable the face were 
fd wih abot candoor For ther ia tah 09 
fch atte axon ll thers. In any cae, speciation 
fie cleatly boc moving ia thin direction 2 aut at 
teas theretghty sonal for medicnal tinker’ Siew 
Snes ar ivervuns  mow's haowlage, parpone, and 
Raat tae eet rete pen the 





lemehoor 
Sprdsed By hat aod ht deny aly pad! her 


(B) The Masaphyrical Feundasons of Madera Science the 
Acdece 
in the true sense of 





Se pee the taf ire of mo 
phlosophy “give one in be attempt to 
Enorer it) Bor mocera metaphyscy 2 las beg 
Spvkd tie pk of Boker tad abate Sano 
ar pan comming that a 
pa arena tie fe eee 
Enea peters apse the Reb ri ef te 
Talton of mua to babe. "Berleyy Ham Kast 
Fie Hegel Jen Bergman in ot 
sa ea ene rapae man wh 
tiaims in a place of anporance fe the 
ree idem, The oan petted af thee 
tempts and. cher constant fale” widely and 
Doroughly t> convince men, reveals how 
2 gp te iw they wow tang wo wig ore 
perk ad Potente tn 
Ey previoas gterstion, me find phouophers who are 
ste shoe soon es enon, reasy 
Epp oo he soe sted and eee te 
Eel" A phlonophy akin to Ruse in he eleant 
tssentl, venues tony to callie by the bane 
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iceeno: a bis ei. 
"Rit he ame iy flo ene non 
raver ths gumstin i, of couro, 
{they were condemned to be inefecrun! from the sat, 
Aha be odor view of u's telson to bs env 
Toone though never tchnowedged 
Bn’ wafer all the uth, TES pathete chasbecesatic 
SL hiiman nature which enablea'nan ely ty think 
Store Nght of imaclf than be ought to dinke—to 
rvallow gulibly a fattering notion of his own ins 
‘ance in the dyama of the agee—might fairly ‘well, 
Cheap in arene) previous ies und plncoy even 
‘tha the theres interes had Become woug, he pan 
prone to fancy thee there was something imbedded in 
Erin dpa of ng mre to nt wiih 
fees mone precio in, ot ater 
i jing relations. 








‘exited philosophy of mas, might be due to the cir- 
‘cumstances insisted upon by some historians of thought, 
‘that the zenith of Greek metaphysics was attxined quite 
sitet taiee ey ee 
& detieg id my 2 and socis bere eit 
zmight be the result of misapplication, to the universe 
at large, of a point of view legitimate enough in certain 
Geld, the misapplication being baved in the lst analyaio 
foc the unwarranted assumption that beesune mtn, 
‘hie’ bers, cinkzow and une parson of is word 
some ultimate permanent difference is therel 
made im that world ge 
“There might be, bowever, another possible anewer 
‘to this question. obvious, from @ casual observs- 
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‘poder philosopher, sad note Bow the 
2. Tobe sure, works in genera! philouo- 








phy may show litte use of mich tec a8 mass, but the 
‘ther worts will abundantly dot their pages a8 fanda- 
meatal es of on. In particular it is 


diticalt forthe modern mind, accustomed to think 90 








of things, men were secking thei logical canzcrions ¢ 
Seaead rd ef tine man heget of 
‘the eteroal pansage of potentiality into actualicy.” But 
the big puzales of madera re are all con 
‘cerned with space and time. " Hume wonders how itis 
posible to ‘the future, Kant resolves by a 
‘inp de farce the untinomies of space and time, 
invents's new logic im order to-make the adventures 
of being a developing romance, James proclaims an 
empiricism of the "ux," Bergso bids us intuitively 
lunge into that stream of duration which i ivelf the 
‘rence of reality, and Alexander writes a metaphyeical 
tr wor ee medare,pltiogbess Lire’ teen 
t 

‘endeavouring to fellow the ical quest ig terme 
of a relatively new background of and w nc 
ite the hire af plwophy sane ann soeetang 
the failure tp asmure man 

sore ofthat place in ‘he aniverse which he ence 06 
‘conédently ssmumed is due to an inability to rethink x 
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of man in the medium of this 

ted El Teright be that wader cover of 
this change of idexs modera philosophy had accepted 

coraia does ches 
Webs fon of mesologh caved by thee new ters or 
ie rm der bw man ed 

ncbanied wh hear—prenuppodiions 

ty tistoun mance neguced negatived « sectrafal attept to 
resnalyse, trough their means, man's true relation to 
Tis envecning weed. 





1 group of koen thinkers, who have asked cherelven 
‘latinedicaces inthe ado] oncrpens wold 
be demanded if we sought to overhaul them in th 
Tt os ene acme 
experience. Ar ‘critical vestigation 
(ED i rther exons endrtat, 
of the major concepts of ecieatifc thinking, Furchered 


Behe amir dee wien tenet 


the attempted of acatiic methods end 








over 
Grutehead” Brod, Caters” Toa tree mort, 


eco an ber inmate fox pneaion,. Th 
‘prodding scientists into an extremely healthy ata 

fete ht cy iy of the traditional 

of thinking. a te Wad ok wack which tse, 

pioneers of thought are eager to see done is o1 

picnrdeimaitear ‘And. 


KEY TO THE PROBLEM 1g 
Join tn entirety cannot be dace merely by conning 
ne’ interest to the securing of a consistest conception 
hinethod in phyla ecleate, oor bye cerebal satis 
fhe engrave th eng 
fo us in the Prevent ere of sGontie achirement 
Cassiver sins on the first count ; Whitehead and Broad 
on both counts. To follow the remarkably acute 
Gtemun, scboker fa to gun a magaicont Mourieal 
pporepective but to ‘a the very laborioasaces of 
‘the effort, the influence of the movement 
Mealiget KIC" gentaly. “To fallow he Eagiah 
Ireligect Te flow te Eg 
rine fn addition to take mach out of the pat for 

ted which needs just 25 








the years 
st dhiate mesfayecaliopleatens wee cared 
‘what ultimate metaphysical implications were cart 

ove Jato geoeral philwphy in the couse of the 
‘tassfoemation ? Who arated these implications in the 
form which gave them and conviction ? 
men to uch inquirion us 


fi 





snore radical historical analysis ceeds to be made. We 
‘most grasp the essential contrast between the ‘whole 
‘modern worki-riew and that of previows thought, and 
‘uve that clearly conceived contrast as a guiding clue 
to pick out for criticom and evaluation, in the light of 
‘thelr historical developmeet, every ome of our. sig- 
nificant modern presuppositions. An analysis of this 
scope and tn this purpose has sowhere . 

considerations make it plain, also, why chia arduous 
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ragoideent movement of tndeen cence is meni 
ire, Se tae gel a meee 
earlier victorious mechanics, eapecially the allimportan 
pete a Cemeatay ia a roglay Gung 
a 

co Seog 


? 


relations. ‘To this has 





re le er han ae” * 
pen pomted bs Mere Reais be Ee 
i ed ing eres ni 


he most striking was his conquest of the heavens in. 
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a 
‘with which he was all over Europe in the 
i century. Ie seemed to men, if we sre 


motion and the lew of univers! gravitation, represented 
40 incomparable, uniquely i victory of mind, 
MARC Eadd il elo of ec oe nc vou 
‘ut all time to realize—and Newton had been tht 
maz, Henry Pemberton, who edited the third 
dition af the Prinapia for Newton, and who wrots 
fone of the numerous commentaries on i, declared 
~ «+ my admiration at the surprising inven- 
great wan, carries me to conccive of Bim 
[perton, ho not only must raise the glory of the 
country which gave him birth, but that he has even 
done honour to human nature, by having extended the 
reateat and most noble of our faculdes, reason, to 
cupid then, appeared 9 be 

‘our Limited capacities."* 
‘The admiration of other scientific minds is represented 
‘beside the * ine 






tie 
‘ 
(ltmeenr of is ken, Cneay mae ll 
found expreon for che proving Yecertion of 
sreat adetist in suck x famous couplet a 


“ Nature and Nature's laws lay hid in night ; 
God sxid, ‘ Let Newton be,” and all was light."* 
‘while the new authoritarianism thst developed under 


ee eee 
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‘Newton's aime, attacked s0 violently by Berkeley in 
ie Dafne of Fre That Letty ms wl 

‘went inguirers auch as 
plored emeaty Years Iter by eager ing 


Ton prin fo i a Nw rt ht has dated th 
faut of Es eoderaing, isd Bs books ae be eam of indent 
Soowhige ty wom barodad we promo. Tt nodco every ced 
{Bie eon wh by sodevs ma (at Sr Yue New a cad, 
‘Puls cobs ghee pact yap of ey cai wd mnie 
ID promel payee te sd eof mache demeaen."? 


Such representative disclose the creation, 
under Newtoe's ladethip, of ew ad ie 
the minds of Europe's intelligentsia ouch that all 
problema rust bave been viewed afresh because they 
‘were seen against i. 

‘A. student of the bistory of physical science will 
assign (0 Newtos a farther importance which the 
averige man can hardly appreciate, He will oce in 
the English genius a eadiog Sgure in the invention of 
‘certain scientific tools ceceasary for fruitful further 
development such as the mnfisitesimal calculus. He 
vill Sn in hime the fret clear statement of that union 
‘of the experimental and mathematical methods which 
‘has been exemplifiod in all subsequest discoveries of 
coact science. He will pote the separation in Newton 
of positive ‘scientific ioquires questions of 
ultimate causation. Most important, perhaps, from 
‘the point of wiew of the exact scientist, Newion wis 
the oa who tok vague terms ike force ard mat and 
gave them 4 precise meaning as quantitative continua, 
6 that by ther se the major peenomenn of hice 
‘became amenable to mathematical treatment. {tix 
because of these remarkable scientific. performances 
that the Bitar of eaters and mechanic for 
zundred years gubsequeat to Newton appears 
a4 period devoted to the strimilation of his work and 
ADRS ent cae Sm rat a, 





found a. precise sathesnatical wse for concepts i 
force, ate, ineia bev. new meaningy 


cold terms 


‘to the 
space, time, and motion, which bad hicherto 
aportant but were now becoming the funda- 
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does give ox sasume definite apewers 10 wach fends: 
trentll quesioen ar the aatore of apace, Gane, add 
inter ; the rations of fan with the objects f ble 
Enowilge | ad iti fast wach rorwere that cosette 
iecepiyeca. The fact that his treatment of these 
Mae eaghs at ie eosckc pogrom aeeed 
ie welgae 
cover by ths cloak of poitvi, may bere become 
fil © dangecs Te muy have belpednot's lie t9 
Sinan to cay sere am nowt he 
srotkt ina che comance tt bechground of the 
TRedera men, What Newton did not detaguiahy 
‘thers were not ape carefelly to analyee. Toe eeral 
‘Kedkcrmor he ald sof eaagorss vera at 
re, the ld set es, invelving, an 
spprated, the now discredited mediovl physicy wat 
10 longer an alternative to any competeet thinker, 
tn gt casas cy nodemand how 
‘oder philowophy might hve been led iato ceria 
Duals which were due tothe unchallenged presence 
Fhe new chor tnd eesppontn 
Now « penetting study of port Newtoeatplikao- 
hers icy eves fc at they wee 
Phizing quite daniel i the ight of hs achievements, 
End with bis mevephysics eopecally in mind AC 
the ce of his death Leibniz was engaged in heated 
taco the ates of te and Wace wh Newin 
theological champion, arke. Berkley 
Commanpiace Book and, Prieapler, still wore hin leaner 
works toch an The nabs. Defece of Pre Think 
is Mathemasicy, snd De Mars, show Seatly enol 
sham, te onesie in be Keddy oes Hrs 
apary Concerning Hamer Undersding und Eogeiy 
‘Gaberwing the Principles nf Mea pegs 
Feorenont to Newion. The French Bacydopertats 
nnd naczialats of the middle of te eighteenth Centary 
fle theneclves ove and all to be ‘more consatest 
Tenteneter be ret end Chek 




















eng memepcee nt 
i, plese. into the phonopy of early rode 
selen ‘ts Key aoruoptions a8 they appear, 
Sed Gacing tan ows te cage etoiee 
fhe menpbyiieal pa ‘of Sie Itsac Newton, 
‘The present is « brief hiatorial study which alma to 
meet’ this need. The be suficiently 
dete tallow our characters to do such speaking 
‘themgelwen, and to lay bare as explicitly ae 
fie rea tee and mods seve i he wor 
Att ci the rer xl eated me ce the 
‘nature of modern more accurately 
the validity of the contemporary chaise world. 
Xe Ba 
ruggested by the wack est great modern 
snfenomer aod the founder of « new eytem of the 
‘lettin! orbs, Nicholas Copernicus. 


Seer 


5 air fa, a Pr Aas tat enee 








CHAPTER It 
(A) The Problem of the New Assrosemy 


Wary did and Kepler, in advance of 
Seo Bee neers 
tari 4 plasct revolving on its axis ed crcling rou 
So aun, while tbe ned sary remain ar fen, belive it 
‘A true picture of the astronomical ‘universe ? 
‘This is historically the most convenient question with 
wos wer ot prepeg ai ve 
wy ‘an anewer to this question 
sak entches’bunely what grand «sane, Fepesea t= 
tive thinker, contemporary to Copernicus, would have 
for ecting this new hyporbeni ea pec af ra and 
suite unjrtifed prioram 7 We are wo accustomed 
{ think of the opposition to the great ustronomer a8 
‘being founded primarily oa theological considerations 
(rick ray of oan, arg he int) hat 
sre apt to iextifc objectae that 
ld bee ond dos pd nat it, 

First ofall, there were no known pheromena 
Thich wee soc accounted for by the Potent method 
‘with a8 great accuracy as without 
inore milern atreenta Pretest: 
ical events were made which varied no more from the 
‘actual occurrence than did. predictions made by a 
Copernican. And in > an eleewhere, 
Posecarion in rone-tenths of the lew. No sensible 
thinker would have abandoned a hoary, time-tested 
theoey of the universe in favour of 2 new-fangled 
scheme unless there were important advanmazes 10 be 











testimony 
4 to be perfectly plaie on the matter. Ie was 
Teeth aye Bie exc cul tu oo by the td 


of a telescope the spots on the sun, the phasea of Vents, 
he tena mee diacoer, in & 
sword, faisly convincing proof that these bodies ‘were 
made of essentially the eume material aa the earth, 
find could determine haw vast their actual distances 
were, To the senses it must bave a i 
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scale not only as 10 


‘watet, acy ascending 

‘actual spatial relations, but alvo in dignity and value, 
‘were the categories in which men's thinking about che 
inanimate realm had become accustomed 10 . 
‘There was necessarily involved inthis mode of thinking, 





THR NEW ASTRONOMY = 35 
sf ee important te of knowledge an bad pied 


Finally, thre were cern speci cbjectiona 1 the 
sow teary which inthe uate of satronctncal obeeva- 
‘on and crechanica science reached et the tn could 


teu Giegudeniy wie fin eartg pi 
at devel afta vor 

ican theory be correc, had to miekes 
ieee a Gules laid ie Remedios of modern 
5 toch an actor 
Ee Cieecien tin Send mes gut es ere oa 
tina perl, duet the 186,000,50b nile diference 
Inthe penton ofthe earth every et mento, were at 
MiowerSl GH teas doce sch arlas a 








1838. In Copernicus’ day the noe-s 1 he 
(sof eng tate pean peal hs teary 

Soe te poly At cating ts real Gas 
distance oo immense that it 





by al but a few as ri 
are but two of the mazy 
Sie lypetcs wick cobcandy fled of coped 
‘confirmation. 

In the light of these considerations it is safe to #17 
‘that eves had there been no religious scruples whatever 
ring te Copenion stoma, onsie oes ol 
‘over Barope, especially the most empirically minded, 
trould have pronounced st wild appal to kept the 
Prderencs tothe sold indi, but Up nfl 

ce to the sal it 

the ages of men’s confined sense Experience, “4 
Jin the strong stress on empiricism, wo characteristic of 
Bese ey ohophy, ol cei oan 
‘of this cempiricias, 
Hive inthe sixteenth century, #ould fave been Girt 
eof out of court the new of the uni 

‘Why, in the face of much weighty facts, dig 
nicus propound the new theory aa true account of the 
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relations between the earth and the beavenly bodies ? 
He mutt have bem mored by strong reasons, and if 
‘we can locate them with precisian. we hall have 


discovered the cornerstone and the foundation truc- 
ture af the philosophy of modern science, 
For to oppose to these proforndy jection 





eighty epicycles of the Ptolenaaic aystem, Copernicus 
fre ahi to "save the wh only thi 
four, all those which tad been required by the ssn; 
tion thas the eatth remained at rest being cow eliis- 
nie Jt wae more tarmonious i that the major 

‘the planetary phenomena could now fairly 
Sl be sepohened by a sen of concent clk 
sound the sur, aur moon being the only irregular 
intruder, But “what was this increased  simpl 
tnd barmony aguas the said plxephicel objection 
I tarawing tha queion, let we describe beieiy 

In answering this question, let us describe brie 

the celevans crtomstances sn Copernic incelectual 
environment, and theit influence upon him in thie 
tritical step.” The answer, we shall discover, is to be 
found principally in the following four features of that 
‘environment. 











Firat, of course, both ancient and medieval observers 
oven bythe peace of aplenty he they ad 
principle of simplicity, and t 
ecotded the substance of their observations 10 this 
cffect in the form of proverbial axioae which had. 
‘become eurrently accepted buts of man's conception of 
thewodld. ‘Tht fing bodies moved perpesdeelatly 
towards the earth, that light travelled in straight lines 
that projectiles did not vary from the direction in which 
Shyer ape and conn other famine fats 
‘experience, had given rise to mich common proves 
ant "Natera semper apis per viet brevinimas” ; 


THE NEW ASTRONOMY 7 


“ mature sikil face frasra' ; ‘mesure neque reduades ie 
is, wopae defict ix neceseris.” "Thin notion, 





‘htzanste peforae ber duces nthe mom commertons 
ubion, without extra labour, woud bave tended 
decrease Somewhat the repign which most minds 
must bare felt et the curmbrous 

ot eae Sencace ie eters Die 
in the Ptolemaic echeme were eliminated, and that wat 






deca neko 

inabslity to attribute uniform velocity to the planetary 

ore i phew waco he past own cm 

‘eh malts contencenoribes 

re Sly pects to decrease somewhat the 

Prjudion which his revoltionary wew fe carta 12 
awake. 

‘The new astronomy involved, in the second place, 
the autection that the correct pout of reference in 
fatronomy was ot the earthy a8 had been taken, for 
granted hitherto by all but 2 handfet of ancient 
rttiorn bet thd faed be ad the see Tet 
such a tremendous shift m the point of reference could 
be legitimate was a suggestion quite beyond the grap 
of people tue for erates fe think i sera 

smocentric philosophy and a geocentric ph 
Roane niasory oad beeapece tre tga 
such a nodion x hundred years prior to Copernicus, 
fave an occasional antrnoncer efied in the foe of kis 
Sconce and able ore that at lest here wap se 
recompense i ex simplicity 
ae eee 
But certain thungo had happened during these hundred 

that made it not quite 90 iz 
et res eee 
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Fiat of efernce gin i some supe in ther mun, 
‘Rensinance had happencd, namely the shifting 
Mie elles ape ef andqnay "ike Coobracal 
® 4 
Keren ind Gepur wil log’ voyage snd 
‘eaciting discoveries of previously unknown contin 
fend unstodied + the busines leiders of 
Earoye nd the champions of colonia were 
‘earning their attention from petty local fairs to the 
(eat apped caer of ede in Ain and the 
eas The eof en's previo acquaintance 
feemed suddealy 1 ‘meagre ; men’s thought 
srere becoming’sccuttomed to widening horizon. 
‘The earth was circumaevigated, which proved in more 
fuhion its rotuedity. The antipodes were 
to be quis inabie I seemed «pene 
corollary that the centre of importance in. the Universe 
‘wis perhaps not_cven in Further, the 
of the times had 




















year 
Sppeared  aumber of distines ceatren of religious life 
teaiden Rowse.” The tie of vernacular erases end 
the appearance of distincly national tendencies in 
art added theie bit to the stme tnsettlenent : there 
twas a renouncement, in all these respects, of man 
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there is nothing at all without motion in the universe 
=the latter ig tonite in all directions, powessing no 
entre—and that the earth travels its course in common 
‘with the other stars. That this widening of the 
intellectual horizon of the age, with the 
of nem crates of iterost wes x decive ator i 
Copernicus’ development, the brief biograe 
fal sketch which be gs of mam the De 
teoalanenibas vtcongly et 
vsed by Copernicus end “inden of tem 
pA, hike Giber of Colcheser, ia anewer 
the objection that objects on eurface would be ured 
‘of like projectiles if the earth were really is wuch a 
rapid motion—the argument that rather would the 
supposed iramense sphere of the Sxed store fly azunder 
implies that these men were already venturing to 
think of the heavenly bodies ax neous with the 
‘earth, to which the same principles of force and motion 
Spply. London and Petts had become bbe Rowe + 
in the absence of evidence to the contrary it isto be 
soecived tht the dita eesal bodien are like the 
earth. 


(8) Mecpiicel Bearings of the Br-Ceperscen Progen 


ly, cermin facts ordinarily confced to the 
‘of mathematics ace of vital importance in thu 
connexion, So significant are they for our study that 
‘we aust pause upon them at somewhat greater length, 
Ik is 8 commonplace to mathematicians that save for 
the last two centuries, during which higher algebra hes 
toa considerable extent freed men’s minds from depen 


dence on spatial representations in 











‘hinking, goonery ban they been 
telence par elbne. In iy as Kepler remarks, 
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the certainey possible in exct mathemstical reasoning 
ia allied at every step with visible extended images, 
oe may wie a ae incompetent in abstract 


re gegen In 
epee Titerary works 28 well 
treatises in our ponession, arithmetic 


‘When 
fe Bate (or in he Mom) take o hemat 
foran ihatrton of te pt conten, Scag 

erninisce example, is 
tlvags ene that om be preted grote. Toe 
famous Pythagoreas docteine thatthe woeld in made of 
rr seve ape geo bet modeene 
itis meant was, 
a fay te out of pronectal een tet wos 
{ikea crc lace by PaSan bs Tweet They meant 
that the ultimate clements of the coamos were listed 
ions of space. Inasmuch as optics and mechanics 
‘fee treated by the onnp w bance of mate 
matics, it wis customary also to think by means of 
ein these ‘end to represent whet 
Sumy 


‘Now when, in the later Middle Ay 
1 powerful revival of atsaciel tains a mas 
Aetumptons and methods wee takes for gents and 











enthusiastic expectations were expressed regarding 
the por ets le 2 mathematical interpretation 
of nature. ly. adopted these 
samsompeions i oe this enthusiasm ; 


fee cures afte Bacon, the great and any sided 
tinker, Leocardo da Vie, eninde out 
in this development. | The importance of sent 
in wienti6e inquicy is strongly sated : “He who ia 
‘ot 4 mathematician ag to my principles must 
fect read me";* “Ob, students, study mathematicn 
Wumieeomermerm anon 
sey fonie—tore) 
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and do not build without a foundation." He made 





extensive experiments in mechanics, bpdeaulics, and 
‘optics, ia all of which ke tes it for granted that sound 
concisiany wre to be exprened waxtbematcly end 

ext 


Wray ake spp 


Scienze of Texts, published ic. 1537, applica 
this method to certain robles of filling bogies and 
the maximum range of « projectile, while Stevinus 
{i548=1620) mies.» definite scheme for the representa 
ton of forees, motions, and times by geometrical lines 
Te view of these Teading facts thus briefly sum 
marized, it was natural that when in the fifteenth 
and sixteenth centuries 4 more extended use begun to 
be made of algebrase symbols, mathematicians were 
able only very gradually te detach ther thinking fom 
continued dependence on geometrical representation 
Ujeinic Seriopory tok ‘plese’ The pepuat 
sic pment opt 
Sheen of quien aqua hae, cea 
dealt primarily with the theory of equations, and 
particular with methods for the reduction and solution 
of quadratic and cubic equations. Paciol, for 
example (died about tt), was rasialy interested in 
using the growing algebraic kaowledge co investigate 
the properties of 
ttuch probleme as the 
inscribed troeagle is fo segments ints which 
one side is dfcded by the point of contart are sux inches 
sd eight ices, Pid he ther bow sds! “A modern 
student would solve this problem at once by the aid 
of e simple algebra 3 Pacioli &nds it possible 
to do it only by ax elaborate geocactrical construction, 
using algebra merely to help him find the lengths of 
(aa Seder 
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reir Tee ror eye wes of 
ae oe ks 
wriaivers vo Ww. 
wis of this cumin 
ede ods of tacking tout da Caan ‘ie 
‘he cable equioe st tye mn We cn 
ready spprecnt win x temectionsedvance as in 
teore fr modern a ies it Sly ycceeded in 
Freeing itself frac aa ger 
meantime, however, the vatt id in 
Algebra apmbols were 
‘muthematicuuns cui = 
‘mplicated proces, thouge ell ton the 
aid of geometrical representations of their work. By 
the of Caran recipe ih rotons 
ict eaaagh 0 inci Sweat wenirnationg 
ost the reduson of comple eo simple term 
srldour say change of vale. Pot in ch langue of 
genes pronto, tla meat for ach tinea 
eduction of compl io simple igure, esa 
simple triangle a8 the equivt- 
lend of she care tleed cnaction of gues Pc, 
it replaced. This was often 4 rather completed 
process, and various mechanical schemes were invented. 
tod the por materi ender. Galea 
jabed in 1597 2 geometrical compass, 
fit ofa dette cc Gf rules or reducing ice 
lar to regular Sgures, and x combination la 
Sure single cae, wth er 0 tuck 
lar problems 13. the square root, 
Eidog lin preprints a ste Bie Tab 
rome oli, vo creat of thane 
Etc errecathconrry is fda for our ued” 
standing of Copernicus. It i an cstential Sictor in his 
doctrine ofthe reasvity of maton. 








and 
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branch of mathematic, ie, of gometry. It was te 





ancy, 
century, 

opponents the of 
geometry appears to have been the pace of the real 
Universe to al ancient end medieval thinkers who give 


pi oe 
pi oe 
of the two wan an important metaphyvical doctrine + 


thought out along commplogica! lines. Euclid takes 
it for granted that physica! space (copier) isthe realzx 
of geome j ier ot age moors 
‘gy, and there is n0 clear indication anywhere in the 
salable works that dy thought differently. 
‘When some, like Aristotle, defied space in a quite 
different manner’, it i noticeable that the definition 
Js still such that the needs of geometers are fully met. 
‘The great issue among ancient estronomery was not of. 
this Fondant pint ofthe eatin of the Sel of 
‘geomerry and astronomical space, but on the question, 
Shether a coavenieat ect of ical figures that 


"rade onan ae 

: et jection 
Pp cere Rep pion era peered 
havens It in possible chet in the case of some 











‘od 
i 


unity 
pile 
He 
[pee i 
i NUE ; 
ciel 


‘economy. 


‘td fally true of 


PRE-COPERNICAN MATHEMATICS 35 


1, now, artrocomy iabut strc of geometry, tad 
if the tripsfoemation and reduction 


sae een et ae oe 


etod eed shor at eh 
fe to be ener problems, shall we 
Aite to nit fog Be ticker © appet? whe wal 





Taise the question, why is not such redaction possible 
tals of Ge seatay of ational eae the 
matical valves, 
notions represented on our chart of the heavens must 
be purely relative, and it makes no difference as fat x2 
‘ruth is concerned what point be taken an the point of 
reference for the whole spatial system. 
This position in part had been already taken in 
ancient mes by Ptofemy himself ; against the chara- 
ofthis or that of the heavens he had 
to claim that ot it et interpret the 
facts of astronomy by the simplest scheme 
hich wil "ve the Phenomens” no matter whore 
yaica might be Hin conception of 
ytical structure ofthe earth, however, prevented 
eee carrying through in ctrneat this a pepe 
of telat, & is objections to the hy 
the arth over amply sbow’.  Copetlcan ta he 
ret astronomer to carry it through in, earnest, with full 
sppewcation ofits revoltionery amplicons 
us underoand rely what thi principle of 
mathematical relativity in astronomy means. 
astronoters observe is 4 set of regularly changing 
frlations between thir poine of obeeration and’ De 
heavenly bodies nthe absence of en tre 
Bestion ta the contrary they esturally take their point 
‘of observation as the point of reference in the science, 
and soon discovering, in the very infancy of astronomy, 
that the earth smust be « globe, it becarses the terra 
frac in the charting of the celestial motions, it isthe 
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— cues towhichalcecisrfere: | Ang 
fom this eaumption, and supported by ali the oon 
tee would bev wo espe geometry Sis tyness 
ser ‘0 a aystera 
sa eld hes ree Beery hh acm 
hia scheme. of deferents and les, excentnics, 
equants, and the rest, constitute about as simple 
‘of the’ facts 23 is. possible ‘on’ this 
trumpon, What Copernicus discovered was that 
cy the sre rely oul be atic by 4 mater 
ma iuction of Ptolemy's bighly coum 
Beny ofteeplneer, Lev ake te Destress er 











imple 28 far a1 any actual fact about the celestial 
motions is concerned, but which wil ilostrate the 





orbit, at F, We can represent such a motion by x 

aly caper 

‘ABD, which has ite centre on the ciecumference of 

the forme, Let us mppose that each ofthese cles 

pis ay iin by the arrows, 2 full evolution 
in 


of exch being com; ‘the sare tine. The point 
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Don the circle ABD will toen trace out « pith DGCF, 
‘which, if the radii and velocities be properly chosca, 
‘will correspond fairly well with the of fet 
Bot ie is obvious that there must 





Sa 
pliftadon of the charted moons, we. note that 
Eernain irvogularties in the motion of the planet D, 
‘which we had boca able ta represeat only by additional 
<ireles, complete themselves ia exactly the same time 
‘ts the body 5 completes an i tana variation 
in itv apparent motion aroand E. We spar § at 
srs ich bth or point of reference ad the plant 
D revolvieg it and Io, the ieregulartin tn the 
ppsnet andthe amaual variation in the motion of § 
fancel each other. Tus in place of x system around 
Eas point of reference which had already begun to be 
involved and ciumbrous, we have a simple system of 
‘tro circular motions around S._ ‘This ts exactly the 
sway in which ‘hought out the new astron- 
my. As resule of his woek, all the epicycles which 
‘been demanded by the assumption that E is to 
bbe mainteined 6 point of reference rather ttn $ 
‘were eliminated. iy there iano quertion 
18 och is trom As fx ws anrnomy iv the. 
mutica, both are true, because both represent the 
fects, bat one is simpler end more barmonious thax 
ether. 
"The particular event which led Copernicus to 
Ettore Ga te soca tad degrest one 
‘ancients f 
the matter. Pralemy’s system had not been the only 
heory advanced. 
Sn oe 
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‘Sor sramtne bal o le oad omy te Pepin had 
(aldo ceaty Ia oder pron he av Gah ged fo ot 
“Wickes tt tgoe mp he wt of word he hock of 
{Tika phdewptan cs Leno cosy toh oo tr Soy ee ad 
(re caper tar cans ot ecw ef he ee eee 
prepped whe mega natbresete in theres Ad Tod 
{ee thes etrang ts Cat Nera ad hogs toh ered, 
‘Tice nr Lamond, org 9 Pont mt cream thon ad ed 
Geupe opsce 
"he re i thir ad cv poy, yt a 
agente diane open the obity of Or coh And gh i 
(pve med seon oxo Kw he Uy had act 0 
‘tee btm to gn whee ch ry ed np 
Phesomen of ima ecg Yoko oop aly cowed tenen 
Ime wician by npponeg te oth to hve mw mone, wept 
‘denecvoos tan hae of he ean cold be Fed oe rvclan 
ofthe alsa ere 
Thun oppnng thee move whch Tabor the wa a no 
thn ont {ued Ht hogy ach md fg Caray that Ot 
touss ef ewer para wre aed thereon f the ah td 
‘Dla ee een ht pase na onthe Pence ef 
‘Pie lve rs bts bed grr eth i de 





Litem in he brief Cramer, written bout 
143, weer describing his diwatafaction with the 
anciest astronomers for their inability to get 4 coo- 
sineent ‘of the kewvens that abould not 
vont tbe poorahe of sitar veloisy he procendst 

Fc haiti ances win seas 
cdroot vac ad oan ow ng Toes commend 
recae = ere osel omc mis benno ch 
‘appara dmc eat pets oh eet wh 
‘he pawn nid malay moe me pac bar et 
que. Ataing spies coraely Aa and cnet, 
Seth tr apen cos vicly edie ad by Sow ad 


Se 
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seach est cme esc thas kad tus edad own of oy 
{Foie orampion, wih ur alld ent be ced me 

hema at ae am all sem bey Now 
‘waphy te wiry of omen cn bere 


‘These pamages show clearly that 02 cus? 
sind the Question was ot one of eruth or falty, not, 
does the earth more ? He simply included the earth 
in the queation which Prolemy had askod with reference 
10 the celeatal bodies alone ¢ what motions should we 
attribute to the earth in arder to obesin the simplest 
and vost harmonious geometry of the heavens tnt 
‘will accord with the facts ? That Copernicus wus eble 
‘pat che question in this form ix ample proof of the 
etiniy of his ‘thought with che, mathemccal 
developments just recounted, and this i why he con 
stancly appealed to matheaaticiane a8 those elong able 
‘to judge the new theory fairy. He was quite con- 
feat thet the, a lout, would apposite and west 





Piet ramasada aig eid 
‘a what Poet mu oe te Dagny they wl eae 
{ot os only bt dnp wht 1 See bo! te a oe Dok 
{0 pom daw thinge” "Motkemus 3 wane for Bathe 
Ss hw ny toe Tam aot ewan eye ma 
Aechag 2° Wha. omy hve sce at, threw tht 
‘Lenin yo Shin ope, sod eal ce fared stoma 
‘tas © perchance at pao ine tae a 
‘ho igo ol aatbewsan wil s1 apes Ona we 
‘sing om nage ted ve of ome fs he Spoor cly 
Sieod bth Prfns hndd dt ml oy wore y 9 
‘pero we he cot Ge Tape hoger" 
the fee sy yor te 
as Oe Seer cael 
racy thw she 
eared eof with ha! Seward 
maticions, whose Se aeger we 
= Sess oe Sy 
EEE BE ere nem meta 
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(C) Climate Lmphesinsf Copericn Susp —Rerioal of 
Prhegereaion. 

‘But now, of course, the question which Copernicus 
Soot ee caere 
rewphyoiel tausapton. iow 10 
yr ne ie fovkee of deamon 

‘it legitimate fe ts int of reference in 
seanetly tae te oth 7” Matuceaticsen th were 

fs jc A th nbc wt 8 

Cope sind, would, s0 he boped, be af 

Dar sore the whole Austin snl pit 
a philosophy of the age rose up and said no. ee 
the Guat Went pee dacp, f imeat wot col, 
the, Larenceieal ake % 
almost any ‘one would ; 











of their general thinking @owed on another bed. To 
fa oloat sauna wire ts ee Coe 
Canteoat pose he Sloe Cope 
nicus was a far more radical it meant to reje 
i are le prevailing conception the universe, 
and some others were able to 
eee Laer ultimate with # confident affirma- 


tive niggers « Feature of Co 
EP a Seg een ae 
tithe age kay there be seme bacegrowad 
‘besides Aristotlianiams, in term of which their meta 
foveal thinking might go on, and which war more 
wvourable to this astonibing mathernatical movement, 
"As matter of fact there was just such an alternative 


REVIVAL OF PYTHAGOREANISM 41 
All etudents of 





clement in Neo-Phitoniam was very stroog. All the 
‘ino ters of the Scheel Ebel > expres thee 
feraty daca of cman ed sin in 
terms of the umber theory, 0" 

fev emcee Se 


bis early period of medieval phil phe 
ics Sena ss the only origiasl worl 
7 igor af u Byagorcan oan 
Pleyel a Pythagorean 
ogi. It wes Lxgsly bectane of tice 
‘Satins cncusance thatthe fer teen to & eco 
study of nature, under Pope Gerbert ead his disciple 
BERLE ae ionn wep sade 9 Pon 
yeature Pato appeared tbe t _ 
Sines ‘Areeale eho ws known eaby Ocegh ie 
Fogg soomed Mhe e buver cuaaicny Tr vee ne 
scbcent that Gerber was an eccorplahed mtbo- 
‘matician, and that William of Conches, 
Of the achool, stressed a. geoeaetrical 
te hed dros from the een S 
m Ariat thought in 
skeet ny NeoPccim war net by any 
‘routed, but remained ay « somewhat suppressed 
bee ati till widely influential metaphysical current, to 
‘which insentere from the erchedox Peciparedciom 
ree screyonted to "The incre mathe: 
Mttics evidenced by such froethinkers as Roger Bacon, 
Leonardo, Nicholas of Coss, Bromo, and others 
fii ihe nee a Ineunn 
os esience and porn 
Herpes cae aprng 
Gass found in the thony of numbers the cmencal 














Hence *knowl iy 
i he int mode of 
me 
ra esa 
es 
ime an rt 
‘aspect of the mumber 





‘were independent 
ity with ancien tains, 


there wan revival of Platoaism in Southern 
Barope. Bathory va fandad is cece 
the patronage of the facil 


, and boasting 
ted ehalschs uch naman Pleo Benarso, Nioe 
‘silius Ficinus, and Patrizzi In this Platonic revival 
it was again the Pythagorean clement that assumed 
omy coming song pei te 
roughgeing, mt ono 
wld Seed by John Pre of Mirus, ‘The work 
fetal mmrne omni ge ramet 
gonans emte 
i the Usiventy of Bologe, ‘aiere her oat 
iahortct reprectatve. wat’ Dootarews Mari de 
Novary, pl ‘of mathematics and. astronocay, 
Nort was Copenicy flead snd teacher diag 
the at Jour of his way in Tay, and among de 
importact facts which we keow thout him in this 
‘that be wns « free critic of the Ptolemaic system 
iatronomy, partly because of some observations which 
id noe agree closely enough with deductions from it 
fet or ae bce hs rely cnt 
‘whole combrose oan aed the pote eh the 
on bam Dolson true Poke 
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sutroncmiical universe is an orderly mathematical 


"This was in fact the point of conflict between 
the dominant Avistotelanism of the later Middle 
and this somewhat submerged bat 
Platoniem. The latter cegarded 2 universal mathe- 
aaticn of nature as legitimate (though, to be sure, just 
how cha wus cb sppled wat oot yet velved} | 
alee = eee cal i 








tre cies gars ieee ea 


‘father than mathematics, 
‘scrences allotted this subor- 


eaopy, i could no but appear 
“WEartelar ix toy one to lg 


rfl debating 
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and fruitful intercourse with « bold and imaginative 
Pythagorean Like Novars. It was co accident that 
er becune funae wich he remains of the ery 
Pythagoreans, who almost alone among the ancirata 
Thad ventured! co 30 

Eis ‘now Gi Sai seed le 


studying wi with ‘the 
S Pradng tr Cl rt 


SED igus wise ps tenon ae pes 
really or astronomieally trae. Our earth was no 
exception—it, too, wis essentially geometrical in 

tutafe—therfore the petaipe of ey of athe 
aati yale applied to man's dnsain ju at any 
other part of the astrosomical realm. The traat- 
formations the new worriew, fo bi, wos nothing 
but x mathmaticd reduction, under the encourage- 
-meat of the renewed Platoninm of the day, of a com- 
pexgrone Tnbyrints into a bee simple and 

woesous syatez, 

Five are tanga all hi (the motion ofthe earth on 
itsanip and woud che sun} by th oder of ucceniony 
Jn wbichthove phonomens (rrous planetary bay 
ings) follow each ather, sod by the barmooy 
works if we wl ch, Oe ying. oes Took tthe 
Imatct with both eyes” > Nore the same sain in 
the quotations above. 


(D) Kepler's Early Aecepiance ofthe News Werld-Schene 
Now during the talécentury air Copernicus, no 
‘one was bold enough m0 8 
Soe cannes teen He ins 02k fo 
incorrigible intellectual radicala Tike Bruno. In the 
ae cites and eat snetien, homers, ceri 
‘corollaries of Copernicus’ work were seized upon by 


Se nea TN, 
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bons bed tac rae he r 
(hat which unites them, why they are es they are. 
“We find then inthis arrangement an admirable 
Iuarmony of the world, and a dependable, harmonious 
interoonnerion of the motion and the size of the paths, 
‘such as otherwive cannot be discovered. For here the 
anertng observer ean note why the forward end the 
retrograde movement of Jupiter xppears greater than 
‘that of Stturn, and ha at of Mar, and 
saqin grester with Venus than with Merry and 
‘why wich retrogression appear oftener wath Saturn 
than with Jupiter, less often with Mars and Venus 
than with Mercary. Moreover, why Satura, Jupiter, 
and Mars, when they rie in ‘the evening, appear 
greater than when they disappear and reappear [with 


eto, 


46 COPERNICUS AND KEPLER 


he oun) . . . And all this resolts from the same 
‘cause, namely the motion of the earts."= 

‘Thus ideas were weized upon by the young Keple, 

arash in large part the 

Hoel, “The pete rcloom fr hi wel aopton 
of the Copernican theory are in part obscure, but it is 
‘eury to show fron his works that he felt vigorously all 
‘those general exviroemenal influences that appealed 
so strongly to Copernicus. With hi nature's 
sinoplicty and unity was e commonplace“ Natura 
simplicitaiom amas.” Amat ile arisaten." * Name 
{20 is ipsa gulcquam otiesem xt swporfaam extit: 
enuinejanter fed pe te Jc on agit por 


Paes to view ro ay, pet the 
rral broadening 6 of pas aut, noe need 


Kf = Teague and und Kople’s 


procured aiument ithe scence of matheratce 
could cot bat lead kien to feel with full force all thone 
‘considerations which had influenced the mizd of bis 
predecessor. His teacher of motthevastics and attro- 
fam ot Tubugen, Mastin, who bad been strongly 











Atracted by the greater order ead harmony attninal 
in the Copernic: schene, wis a adberet of the ce 
tatrovemy at hexet, thoogh be had so far e 
Timvelt oly with che ‘caution,  Repler 


achievements in mathematics would alone have 
sufiient (0 win for him enduring fame ; he 





Lxenget eee ts crept te ioe 
Big, be to de won 
of corain volumes and scvan by ihe ve of indnitn 





simple, vee 
ie arc oars,“ I carly Koy tha ome it 
ican is dey, that a T have 
aoecl ae Ba? ce Ma cue | 
teamplate its beauty with incredible. and ravishing 
delight, I should alse publicly defend it to my readers 
"ithe lene wee mangled in is sgh 
lements were in his thought in 
rig eee Bee een oe see cor 








his eatly enthosizsm for tppean te be 
found in its exaltation in ‘and importance of the 
sua. Founder of exact: science though he was, 


Kepler combined with bis exact methods and indeed 
feeed He motion for thm is cern long di 
‘credited superst ‘what it is not unfit 
Teepe Eemee 
Grenty.tmo, be the sew owes itt 
iaputation at ‘Tul NANCE a3 
‘tic aponrety Leet Tere De Ee doc not 
Hong iy pple nines laos 
r there appears in Kepler's miscellaneous 
& xml ‘of & divputation on the 
‘motion ofthe earth, which froan itn highly bombastic 
‘vyle wad other internal characteriaticn, may very likely 
i pain of sadoecet ee” Attys he 
nt is clearly a years, 
titpoterety fel ablu it tat the xl pon 
‘of the oun in the new system ‘a the main and 
fufiient reason fara mlopton™ A few quotations 


open Maat Cham Vm Ghee EL 
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‘will reveal the tenor of this curious piece of exuberance. 


ante pl at pce 6 Bid ig ny ye 
te bode he sale tha mt sete ny hans ole 
(mate i coking deen Oe pore Hy thas wiih than b2e pm 
(fart wiih ingyen alsor is pote, ramp, sd eto 
‘ing Hh enka of igh hs tlt mo ge 
Sees 
ef eu, eed Mag of i pan for hie tay 
ia pew, ye for hin bry a wich ae toa 
Jolge worthy af ha Ma High Gy dad he ped wih Oval 
(Gatiletd chow up in wh 0 dd wich te aed nage 
Soe the Gomme cet hs ws Cm wh bas me prefnty wnke 
‘ho road Swit sath row of th ral mito 
Bie vio aeeiy be tem edema ter more oo chee 
yt nt of ghee meas ee ei Se 
‘erin et at tenet be fad Grong cab 
bere rowed Soc om eras race ued ww, pol 7 at 
(2 el gd ae er ccs fa wate of ck tra bec 
ies he agar sigh we rere tes whe ae epree Bye 
guy an pve nd Se dy ey 
(Ge bar of Ged nt ey a see” 


In bis expressed reasoos for acceptin 
operate ts antl poston of te pin 
always included, wal first, 





ston rs sce 0 ge 8 
‘hesogial envionment, 
mph lars the dosti of the Ten 
on ccording to Ke ia God the Father, 
oie a Fad the Soy ‘Son, the intervening. 
real medi ‘the power of the sun 
i ceimuriated te ted the pene reve se 
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in quite typical of much thinking of the dey. Kepler's 
pt ie ev Bohne, Nike mem are 


type af Philcsephy. 
Se Se Eten tm 
aoe ote ree oie eee 
Pt 5 = 
saben ating mover of nec eps we 
fier Jong sad m serch much a yoold have 
che ag eat ees sar ek oo 
pele Secret et he mot re 
ofthe ce get of pln tog, Det 
Kepler, the seeker of exci mathematica) know) 
of astronomical nature, is: ‘dose, Itwas 
by wach consdercione as the Setbction o ‘he an 
bao coated oe eae oe 
iit Kern ys of ater ferer ed 
on es ee 
oh cae tren is wee ira, 
ee ie means oe Neer 
many othel resthematicd harmonies’ in. the celestial 
order that ean be dcorred ond Proclined at come 
ieee 7a Sorel wd rectioe! ag 
the available date. ‘This was « texk in exact mathe- 
matics, and it was very fortunate for Kepler that he 
mat De er ee oe ea 
pe cu sare wer iny pod 
ear ree ae ie ee ee es 
it id'rn of longing «tay ov nc 
fseraty ec Pict 
one eo 
hed fled Tyeta ‘Beske the phar bere the ers 
del hac oh cen nose 
ae aa 
pk gig 
‘through nature and the glorification of his profession,”"= 
‘these deeper harmonies, and the fact that be was not 
erteded 
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satisfied merely with myotica manipulation of mumbers, 
sath contemplation of geometrical fancin we 
we co his long taining & ica and astronomy, 
‘t2d jn co amall degree &o the inffuence of the grext 
‘Tycho, who wat the Erat competent mind ia modem 
shone fl wey The pasion for emit 
"Fis Kepler joined with bis speculative supe 
sitios an tnd precise forroulse contrived 
fn the dt the lpr weld aout woh 
he. was philosophizing, hence “without proper 
aed t ceeciolt sags" tne Sg 
‘elo toneglect vasiaions between his deducnons and 
Ge observasions which suuld cot have troubled the 
ancients, At one time he had a splendid theary ofthe 
‘are allready co write off but a diverepancy of 
‘ight minutes between certain of his conclusions and 
‘Tycho's reaults persuaded bie to throw his labours 
Picreght te OT acleee Bn bol of 
ler and the i 
Cohn whe hd eaght Lnt a ened i centey 
‘mathematical and that al things were bound together 
bby proportion, is that the later ticker inant on exact) 
sping. te teary t_chare fe, Kepl 
of tesa, The ven revolution and the 
mar-caroguing ere sco fan 
An important oy 
wad etna! end « fullest of nd fo wel at 
Al, the confirmation must be found, "Tt was by this 
‘icthod and for this parpose that Kepler reached bia 
Fehmaling doco of the famovy thes ewe 
‘were fat especialy important to Kepler’ own 
Bao, akg ely Tiree ot 0 sos of Tseng 
‘rathematical relations which, ax he pointed ot were 
caublshed between the obeerved motions if the 
Copernican hypothesis be true, ‘The one ofthe three 


a 
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‘which delighted him mott was the second, that the 
hoe, in revlon round the ou, weeps 
ual areas in cqual times, because it first solved. 
Sep en ofthe rr of ery vali 
point of atiack in treatment 
tie Paley tie imal ad been 
‘unabic to solve. Copernicus and Kepler were 
Grmly convinced for religious reasons of th 
(of motion, é.., each planet in its revolution is impelled 
1 constaat and never filing cause, hence Kepler's 
Joy ar being able to" save” this principle a, the 
‘reas even though it had to be surrendered a5 re 
the Ee path. But the discovery which yielded 








8 the moat inordinate dcight aad to which he 
for many yeas 3 his most important achieve- 
rent, was the discovery published im his rst work, the 








Myttrinm Ca (is97) txt the distances 
‘eemgen ce orbs of the six plane then known hee 
cerala rough retembincr to thr divancer which 
‘would be obtained if the hypothetical spheres of the 
lances were inscribed in and circumscribed about the 
ve solids properly distributed between them. 
‘aus Hf cube be inscribed in the sphere of Sur, 
the sphere of Jupeer ely St within 
then betwass! Jupcr and Mare the. etrahedroy 
between Mars and the earth the dodecahedron, etc, 


OF courte, this performance has remained entice 
Ot care Se eters es alae Sey 
icovery of new planes has quite ape undeing 
‘assamptions—but Kepler never forgot ine 
fcthusane which thi achevemeot awoke inhi 
Tn a letter penned shortly after the discovery be 
wrote : 





Tania plone I hve secre Bett corey can seer by 
‘edn pore ingrend war thet eed Teed of am nba 
Tabsand no td of akaning, nye and gh penta alee onal 


$1 COPERNICUS AND KEPLER 
Sn ein yp weld gs ih eer Coperon 
eee oy oy suo sah eae 
Kepler's enunciation of hia third law, in the Har 
menices Mandi, 1619, i imbedded in @ laborious 
attempt todetermine the music ofthe spheres according 
‘to precise laws, and express «t in ovr form of music 
on™, ‘These features of Kepler's work are 








‘over-favourable to Kepler. For our purpose, however, 
rae. Soros 
piece with his central aim, namely to establish more 
‘mathematical harmonies in the Copernican astronomy 


nmaphsal doctrines which in radimeatry, fusion 

Tikal ein he lepton steht aes 

(©) Firs Fermalation of the New Metaphysico—Carsabity, 
Qnansiy, Primary and Secvedery Quabsier 





Tartan pent a 
Sit 
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plabments a having stews the seriary ond 
{atte proved ofthe sew cy ofthe woot 
Froereted eo the eatheanticl connezi 
fom ety bald dines i os a 
dim and scdlevemeot be was carying further and 


expreting core explicitly C Ghought when 
se as a ow sr 
lene a8. wh ie cootion 

Fine er ne she af an jst 
‘what does he mean by stating bis aim in this fashion ? 

First and centrally, he means that be lus resched 1 
‘new conception of caasebig, that is, Ae shinks of she 
anderping mathematical harmony discoverable ix the 
cheered facts as the cause of the lotr, the rsaton, at he 
scaly pty they reo fy ae,_Ta oon of 
causality. is substantially the Aristotelian formal 
‘cause reinterpreted. in terms of exact mathematics ; 
it also has obvious ciose relations with the rudimentary 
ideas of the eaely Pythegoreans. The exactness or 





‘yee, ad in leter 20 
+ solid foundation for his views by actu ebserva- 
to and then by frome these to eve to reach 
the cruse of things"*" Kepler, however preferred to 
lee Tycho gather the observations, for he wat asto- 
cedeaty convinced that genuine caupes must always 
bein the nature of underlying matheznatical harmon. 
SDA tee einen 

ke apn of he fe ep volt, wich 

of the sytem er wala, wh 
(be imerted between the fis of tn 





Sry snocsuho ueseediog ths exclu tke oats 
ERE 
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the sunt’, God created the world in nceocdance with 
the principle of perfect numbers, hence the mathe- 
musical harmonies in the mind of the creator furnish, 





"ae eaplaatery byporbesia of observed 
bts being an atiempt to express in. imple form 
heir uniform causes, a true hypothesis for Kepler 
gio be ¢ setanent of the madetying mathemstical 
harmony discoverable in the effects, Repler includes 
Br necting bommant of meena pect 
in glee wpcen party (o ref Reimar Urn! 

‘on the same subject™. Kepler's i 

Ergo sander of canter Rpts abu sat? 

i hater ey fects, each i the 

vemaia unreloed, art as they are in 

hick asst their erderly and rational wathe- 
ade 
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sea merely, not necessarily tur of the 
‘world. Sock a theoe, Kepler 


‘maintained, are precisely what give us the true pictare 
of the real wark!, and the world thus revealed is 2 
bigger and far more beautiful realm than man’s reason 
tit glorious acd Huwsatng dncepey of te tor 
t glorious ror 
nature of reality, Let the theologians weigh their 
ies the decorery of (omtberatiod) cael the 
8 the dix causes ti 
the he cry fener) eee 
the sentiments of the maixts on these questions about 
‘nature ; in theology, to be mure, the fores of authorities 
is to be weighed, in y homeres, that of 
causes, Therefore, « saint is Lactantius, who denied 
the rotundity of the earth ; saint is Augustine, who, 
sdmiting the onundi, yet anied the, exipodenj 
‘worthy of sinthood. ia’ the dutifal performance 
moderns who, admitting the of the earth, 
Ye Gea fs ecm, tw mars win for 
ue, who demonstrate without violting 
toy due rapes or te Actor fe chore that Ge 
‘earth is both round and inhabited at the antipodes, 
em aoe 
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‘and of the most dowpicable size, and Gnally is moved 
‘among the star.” 


‘We begin sow t0 the tremendous sigaific~ 
‘ance of what these ‘of modern scienos. were 
doing, but let ux continue with our questions, What 








very characteristic ofthe bumea undentanding which 


known 
sqretiin "hd we hype tn the toch 
‘of coathematics are most certain and indubitat 
He notes certain itustrstions of this fet in 
music, and mechanics, which, of course, best 
im the confemation he ‘sought. Just 
4 the eye was made co see colours, and the ear to hear 
soundly 0 the human mind was nade fo undertand, 
not whatever you please, refore, 








things, the 
Primaria or 
other es” | Quantitative feature ae the sole 
features of things as Far us the world of our knowledge 
in concerned. 


Thus we have in the position clearly stated 
at ee weed thea eer 
discoverable in thi a 
(quilides which do pot Bt ito this undecying haraiony 
Fe on lower level of reality; they do not 20 truly 

eke paclelarsirkgioaial 
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exis. All this in charoughly and Noo- 
Platonic in cast, it i the realm of the Platonic ideas 


found identical with the realm of geometrical 
suddenly fou alm of geomet 
‘with the Demotritan and Epicurean atomism, whose 






stomism of the Timeas and the ancient 
he four elements that be inberited, but his i 
tot in these ; it is the amtbematical relat 





figured portions of space, 
m armonies*®, 
‘The reasan why there cxiss thi vast and beautiful 
err ia tiple i mpeel eg e 
cable lec except by way figious 
topes of his New Pesci. "as game oid oor 


¢ famous saying of Plato, that God ever geo 
metrizes ; he created the world in accordance with 
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covent in the of the metaphysics of modern 
Fervding pte of mean rapt toe eos 
ry 
hom copenehen, Kepler ay teied hat the 
‘tdusuion of validity to the Coperaican warld-scheme 
involved « radically different coamology, a coszal 
ich sould ret upon the revived Neb Fistoniams 
‘background, would Gnd its historical 
jarlceton th 0 remattahle developacett lathe 
‘sciences of mathematics and astronomy, and which 
could ey bare a marvellous signifcance and s new 
era ise herve ema of he treme 


by ‘cxemplifcations of 
Clanifing dunce tecoet The tak oneloe 
revising 10 this end the traditional ideas of cxwality, 


ppotios, rele ed onledge + hence Kepler 
the of a metaphyaic 


Sine tpes the erly Pythageren serdtons but 
‘carefully accommodated fo the new ideal and method. 
‘Fortunate indeed it was for Kepler's historical impor 
tance that his venture proved pragratically ruccensful 
‘The acquisition of further empirical Act in astronomy 
Soe es ugh tbe iat 
See rel ora Sate a 
to established ax fathers of the 

-moveroent of human thought in modern times, 
of ing consigned to cblivigs aya pir of wil-minded 
faptiorists. In pasticolar, Kepier’s method hed just 
enough in comman with the successful procedure of 
Pern aeeeeentone aod 
Inbar wo ‘in nature, three chanced 

‘a become fraitfl foundations for the later wta 

scicatiéc achievements of Newwon. But oaly those 
‘who fix their attention on these three, forgetting 
he ardums ananing of quite veces! mumerkal 
‘rurlosities which to him were quite aa significant, could 
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make, without qualification, euch clims for him as ure 
made by Bocken and Apeit : 





juch Inudations, while not wholly false, obscure our 
ERNE SE epeHis sli od forwse 
ding achievement a8 2 philosopher of science, is 
his insistence that valid mathematical by 
Dieiely colar on fret gon tet te 
is entirely convinced on \t 
‘universe is basically mathersatical, and that all genuine 
must be mathematical, Out be makes it 
plain that the ews of ingate in ua as 4 divine 
if, cannot come to any of themselves ; 
muust be the perceived motions which furnish the 
‘paterial for their exact exemplifcrton’*, For this 
side of his at we have to thank his training in 
mathematics and in particular his association with that 
tof al servation, Toto Bae. Ite 
x with his reinterpretation, in terms set 
by the situation of bis day, of such notions us cxuuliy, 
Inypothesis, reality, and che like, that coostirure 
constructive portion of his philosophy. But his 
(utlook and roethod were ax fully dominated by an 
‘wathetic as by « purely theoretic interest, aud the 
hole of ha work was overlaid nad confused by crue 
inherited vy ‘which the most enlightened 
people of his time had alvady dararded. as 
peter 


bbe said that either i ‘the philosophy of the 
yimporant extent. Each, of cour, mede 
tae of 0 ccoere pouive aed fal scenic 


(A) The Science of *Lecal Motion’ 

Galileo's father had deatined his son for the study 
of aedeg tal a ter ely as one oe 
later acquired & contuming interest in mathematics, 
and sfter securing his sizes reluctant coosent, pro- 
ceeded during the next few years to make himself 
master of the subject. Were it not for bin more 











ey eee odoin of eonglet 
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4 
u 
: 
t 

iu 

p 


Hi 
FF 
f 
At 
: 
gl 
i! 
2B 
4 
i 


\ynamics, which presented itself to Gallco as « 
‘imple and nasaral extension ofthe exact mathematical 

101 field of somewhat more dificult mechanical 
reuciony, Othe before him Bad aed thy bey 
bodies fal ; nom, the homogencity of the earth wit 
‘the hervealy bodies having that cerrestrial 
motion is @ proper subject for exact, mathematical 
Se aces ee 
‘be given in mathematical terms. 

Galileo notes in the introduction to his wience of 
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Toten vos popes of fect ne ee 
some it are 

ring and which Gave not hithero been cither 
or demonstrated.” Some, to, had observed 

that the motion of a filling body was one of acoders- 
tion, * but to jost what extent this scceierstion occurs 
‘hat not yet bees announced.” The same is 
sgein expressed wich referecce t the motion of pro- 





‘which, folly an much as the significant astonocsial 
ee capriely coukeeed Copernaai, 
‘in'wee dred eppeaate tha svpendocs firenee 
‘who were fitted stupendoon advance 
Th human Hnowledge. Elis fiend and admirer Fra 


Proto the opinion of mich minds whe 

Eoceulided Te fy ibe sec of moon God 
‘and Nature have joined bands and created the intellect 
‘of Galileo." Galileo's practical mechanical inventions 


ace themselves sufficiently remarkable. In his carly 





lase year of his life sketched out complete plans for 
eiks oe kms ot 
¢ of the telescope are kncwn to all studenta, 


‘Now what are the main metaphysical conclusions 
‘that Galileo found implied in bie work ? Let us fret 


Eeatags se Gallecs mind silat be 
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(B) Nature as Mashowatical Order—Gulile's Matsa. 





angle geometrical figures, 
without whose help it is imporsibie to comprehend 
asin je ord of Tithu! which one wander in 
vain ‘4 dark labyrinth.” Galileo is continua 
ytd | 

in tl " 

ME Ere enone Ge obfeace tak mee 
topic ws We pope we to proce 
applicability to e is to to 
further geometrical in the: bope that 
they wil become their owe proof to all unprefodced 


minds, 








chief critica of Gilbert wan that the father of the 
‘aagnetc philosophy was not nuficieatly well grounded 
in mathematics, . 
being grounded wo te of 

as iti in ‘troceure of nat 
procnt Rael occasionally in ma beng in kage 


yuotes Kim an having writen that “*igeorance had 
foen the beat teacher be ever bed cing a order to 
be able to demonstrate to his oppocests the truth of 
bis conclusions be had bees forced to prove them by & 
variety of experieents, thoogh to watiafy his own mind 
alone he bad never felt mecenary 12 sake any." 
‘was seriously meant, it was extremely important 
forthe adrunce of cence hat Galen had ‘trong 
rents, and in fact there are other passages in bis 
wroria ‘which ahow that hn conSdent belt in the 
Iuthematiad seuctuce of the worl emancipated hip 
the a8 om 
Seong eters crate 
fan be draw which reach far beyond experience 
because “the Knowledge of a single fact acquired 
rgqmee 


HER poe cae 
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yh a discovery of its cases the mind 
te undead sod Gertia ae heb witet etd 
Sagal th ence say of preci nce 
ing of this principle in his seady af projectiles ; once 
Slave te tek pcs wwe can demon 
strate by pure mathematic, withou oeed of exper 
iment, that their meximum range 

‘confirmation 


‘We shall recarn laser to his use of this important 
word 
eis abundantly apparent, howerer, from the whole 
of Galileo's achievements and interests, that he never 
eriously entertained the possible extreme of this 
moatheaatical epriorise, and his meaning becomes 
fairy clear when we study panmges of x different texor. 
Afier all, “ our disputes are about the sensible world, 
‘end noc ope of paper”; itis useless to wrangle on 
general principles alone about wit is fitting oF not in 
Inatuee, we =e tra 
tions, observations, and i This ie jot 
swerve in utronoeay as ic Experience is the 
“true mistress of astronomy”; “the principal scope 
of astrocomert is caly to render reason for the appear 
ances in the celestial bodies.""" Secaible facta are 
before us to be explained; they cannot be overridden 
Te was not merely far controversial 
‘etores chat Galico found it requestiy convenient 
fo spp ote coakraaton of te nme” Hi 
Empickism went pretty deep. “O8, my dear 
Kee, Thow Twist that we could have one t 
together | Here at Padus in the punch 
Tigeety eqbested e bok at he meen and planes 
pees tee 


Hee 
Eo at tot 











tment were fae. The authority of the Seagyrits 
‘yas profoundly shaken when. people were exipirically 
Sore keene ctl ede lyr i 
that Ver presents phaser Hike the moon, 
the sun's fce is spotted, and the like, Galileo bimselt 
remarks that Aristotle would change his opinion if he 
‘taw our new observations, for hiv method was essen~ 
Sa cave se 
sess 
Se are vlatias of ks cou anes 
much ar wav powible ofthe concosiony and that be 
‘therwards sought out the means how ¢@ demobetrate 
5. for Win the ‘wnal course ms demonstrate 
fclances. nd the ran thereat because when te 
Conclion bythe help ofthe rate metho, 
‘one tay bit ope ona propostion betere desce: 
berated, oc coon to vrme penepie Hoown porte; ot 
if the conclusion be false, a man may proceed 
one page Eepdoce rw Gallet 
ipsmge maces fe wo Called’ concopica 
of the proper way of combining the methexatiod and 
te Zeca oiede  egee Wn 
tai ‘us study his sons on this point. 
Te i clea dart wih ther what cur phlosophy 
sccks to explain is nothing other then the wosid revealed 
the ators. "In every bypothers of Fas0e, 


Tite pet tat erat tae 








deciphes'an undanlinr page of nature, obviouly the 
ib to seck cor aiplabet in i, to *reolee i 
Meio oa se te in toltnd of cage 
eo pola out ining 
tho world ZF the seaues ofan lends nerange ongh 
porbeaccpoak oratory pea ae ow 
decaible caper ence. The prime emumple of chit is 
Bie" Copertican suronomp, which Parishes the 
supreme caamgle of te vigary of mathemati 
fetson over the seater. “"] cannot wuficiently 
‘tlmire the eminence of those men's wits, that have 
received and Bel it to be eras, and with che epeightl- 
bean of thes judgments offered auch violence to thelr 


ee tat 
whe ren dae hey to Sat 
ible experiments ‘Bose manifaly to 
the contrary.» s 1 Comet fod any bounda for’ my 
Spears tat pare ane 
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admiration, bow that reason was able in Aristarchux 
‘and Copernicus, & cammit euch a rape on their senses, 
sin deapite thereof to make erst mises of tee 





teleacope, gives 
19 opperuniy to caret hr ows mtd, 
sy und is nubtetndon by hn owe cheep 





eon. ies belonging 20. aniform 
tootion have beer locomed inte prosding section t 
‘but accelerated motion remains to be comsidered. And, 


firm of all, it seems desirable to find and 
definition best ft 








ey GALILEO 
‘hat experimental results are seen to agree with and 
cxactly ‘correspond with those propercies which have 
been, one after snatber, demonstrated by us. Finally, 
in. the investigation of samrally cca ce 
seve led, by band wt ween following the abit 
sod cart of seashell br ao other 
procesnes, to ex ‘hose means which are ost 
{Scton, snp and ey Here che hi fo hve 


demonstrations 10 





ioe of seine me ba co rg 
mee mystica thet, the 
Uyeamice asia mind,” We might have gathered ws 
‘uch from his obvious achievement, Dut he tlt a 
to explicily. "Neither doth this wufice 
Gat fing iin decd with agcetng voy 
bot tin requisite to know according to what propot- 
sion sch acceleration i made & problem that I 
believe wae never hitherto understcod by any phloeo- 
phet or muthomatician, although phildeopha, and 
Barticalany the peripatetico, bare wait gre and entire 
Selumes touching motion." 
‘Viewed 1» « whole, Galileo's method then can be 
analysed int three steps, enti or rexel, domene 
tration, and experiment sing in each case his own 
favourite terms.” Facing the world of aenible experi 
face, we aokte and ermine a fally an pouibie 1 
Secmin typieal phenomenoe, in order fiat to intult 
i te eite Comets in rms of which he 
momeuon ‘can be most canly and” completely 
Eanslated into mathematical form ; ‘which atmos 
fping the arin aot wp) to oan of 
Aird cnt ck Seen ie guantatve 
tomblaasoan. Hlave we perirmed this step propery, 
wwe neat the sennible faa to are ¢ top Clement 
hor reached are thelr cea! constants wad Seductive 


anes sneomtteetn 








GALILEO’S METHOD nm 
demonstrations from them by pure mathematics 
eae nal tebe he Udas noms 
‘of the phenomenon, even though at times st should be 
erin te etd‘ of Mie more « pro pamper 

a a aes ee 
‘For the mike of more certain results, however, and 
‘especially to comvince by sensible illustrations those 
Se See ate eae 
‘universal applicability of mathematics, it is well 





which makes sible such stupendous conquests 
acience an the rican astronomy and ‘ee Callean 
areas pecan Sa Sak Se 
ai ee po 
eee et 
Saar anaes sees 
wa Rei Te Ne Pan ahead of i 
times hes sy the mind of the Italian 
rag roa he nd of te Inn 
his free'use of the word * nature,’ he does not mean 


‘neta 
Go he eetiae Sates taveledee te, 
neceathy which we reach only eborto 
fasted tnd demenstaianes-God be geraer 
i's ceive abours—he aakes the orld Chrough 
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tp bath them ala great God nore 
infsicely more in 
tit of Hone Gat te updcaod ny throug to 
perotive the necessity of them, in the demonstrations 
‘Of pure mathemstics, our uoderstanding equals the 
ive in objective certainty. 

1k was this religious bars of bis philosophy that 





problems, we ought not to begin st the authori 
Filer of eciptis but at cbs spews 


Eee 


Re 


SECONDARY QUALITIES n 
demoastrations, For, from the Divine 





of orthodox support ‘Tertulian’'s dictum that 
Cine Gal batty nae then by seven, 


(O) The Sebjecsivity of Secondary Quabiter 





a a ry 

och an autaber, Egure, mageitule, pouen, aad 
motion, which cannot by any exertion of our 

be separated from bodiee—quulities which also cas 


" GALILEO 
‘be wholly expressed tcaly. The reality of 
Ea taeee geomet te ely ales cats 
cial igovadge bcoues pndble Alroher 
Guile, and these at ofen far more promincat 

Steiteuta, wre secoads-y, rubordioats Siena of the 


‘Of the utmost moment was Galileo's further 
assertion that those secondary qualities are sxbiectve. 
Kepler thre fad been 50 dear stneot of he 

ion ;. apparently econdary 
See out ie the weenie wel ike the 
Heian gly, hey wee now sil or Fesdamentl 

fel dZaniecly ta ine withthe Petonc olen: 
tion of the realza sein i ean 


ied bee recent Geyser ape Re 
‘thinkers x9 Vives and 

untrustworthy elements in the sense of nature 
tr erothow the efect of te saves themscies, It 
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%s adoption of the atomic 
= had nected no asorlam 4 the mathe- 
‘pmtical harmonies in ehe world of axeronomy which 
fhe was zealous to dover were. vast 





‘motions operating upon the seanea which cause the 
disturbing’ seco fences. Galileo dix 
tues inne deta in he cae of ates gl, ed 





Such remarks as he does mitke, however, appear to 
indicate that besides the geometrical atomism of the 
Timers, which seems to underlie the notions of 

cus and Kepler, bis thought has ken on s01De 








Feline tad de we or some of he proinnt 
tures of Pythagorcaniam, notion 
perfect figures, pointing owt that perfection in am 
{hing i» wholly relative to the tne fo be tade of ft 
Te atsy be that to 4 considerable extent the Galilan 
atominin and te ‘mechanical corollaries were 
doe tothe prcolten through he atrveciog ager 
of sore feagmentary ideas from the great ‘Grock 
poattlloters” Caley edie of” pray 
EEA secondary quaten’ wich caualny lodged in 
some a8 thove portrayed, exbibis strong marks of a 
EES ASS em mrt nt cae Pel, 











‘This form of the primary-recondary doctrine in 
Galo is worth 2 moment's pruse, for its effects in 
modern thought have been of incalculable importance. 
Jelva fundamental ep toward that bashing of man 
from the great world of nature and his treatrpest 49 an 
effect of what happens in the letter, which has been a 
pretty constant ‘of the philosophy of modem 
fcr a procaine the Geld 
of science, but bringing in iv train the big mcta 


ae ‘problems of a 
th te tne Of Gallen A had segs 
foe gansed that man td earure were bh 

=o 


ich a 
fa lege whole, in which tas pace 





er 
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ght be made betmote being tnd noe-bing,bermeen 


‘Sed ck the re and’ = ca 
Ean a pe 
te i Patt wnt Aesole he 





remark holds troe none the less for the 
Stclont material. Man's soul for Derocttan was 
‘composed of the very Gneat and most mobile Gre-atoms, 
‘which statement at onoe allied it to the most active 
and cauml elements in the ourside woeld. Indeed, to 
all important ancient and medieval thinkers, man wax 
‘ gemune nicroene 5 in bi wu commliled sch 
a union of things primary and secandery as 
ed ther reations nthe vat macrceen, See 
primary be regarded as ideas oF as some 
material substance. Now, ix the course of translating 
‘his dusinsion of primary and secondary int serms suited 
the uve ieserprecatin of natare, coe have 
fhe fet agen th remlng of ma gic ot of th esl 
Primary realm. ‘was not e subject 
suited to mathematical per ta Bin perfomance 
could not be treated by the quantitatin 
in the coat meagre fashion, Tawa elit flocs 








Eset of the eons Beene Bs relating 
seers 


fo GALILEO 
the most excelleat ‘but, as compared with the 
Trin ie inde the pera wich fst 
infinite, 
the divisible with the indivisible; ita even na darkens 
‘conmpared with light. Connesioes are obvious with 
the ancieat work in chis reapect also ; Plato and 
Aristode bed tanght that that which man is able to 
‘oow and contempley in chicane the ram af Ideas 








j 
Ba 
if 


most ince an in 
activity, and even in thet except 
Binsek sttiy to the berated methods Teas 
inevitable that in these circumstances man should now 
‘appear Co be outside of the real world ; man is hardly 
spore than 3 bundle of secondary qualities. Observe 
that the erage is fully set for the Cartessan duslism— 
con the one side the primary, the matheratical calm 
fan the other the realm of man. And the premium of 
Importance and value as weli as of independent exist- 
cence all goes with the former. Man begins to 
‘appear for the frst time in the history of thought as 
an irrelevant spectator and invignifcant effect of the 


st mathematical system which in the substance of 
Ral. 

(D) Meson, Space, and Tine 

So far we have been studying in Galileo largely « 

ial positions siready 

Bot the fcr that Galileo was 

of bodies inmotion, 

pecially physi ‘bundled in daly 





‘eaperience On the surlace of the earth, led to notable 
‘addons in bis philosophy beyond anything distinctly 


MOTION, SPACE AND TIME 81 





horete re we fae ori wel 
4 new terminology which would expreas the process 
‘maton iaeff aod that i such a manner aa to give 
‘mathematica a foothold in the phenomena. ‘This was 
tm him, of course, an essential part of the fst step in 
hit scientife method, the intuitive perception (a & 
group of ct of wach clecrents ah quantity 
Fombined, would facts observed. Ta thin 
fase he wey ese ayo! 
jay of eather and contemporary mathematicians, 
<ttronomy, tobe sar, bad always been roared ana 
spol geome, beac moe as 

sane dicaiy 
of Coperntan bad tigated the athe mated 
2 of atin «rele nl for xa he 
(reat interest excited among geometers of the time in 
‘various gures generated by carious observed motions, 


ts GALILEO 
Te of the cyelaid were attacked by almost 
SE ly geod oe fro toe 


Gaileo and Tortcell, who were more paricua 
theotbed a rican. "Ber Caless potion oot 
‘sothing less than the creation of a new mathemati! 

siento 





igs 
there inacch sy tat they ond Ske al 
benide the definitions of lines, angles, curves, and 

that een nord ‘aril 





‘and in many cases the precise meaning must be gathe 
{fom his ure cather than fro any specie attrement, 


But from kis sew certain. supremely 
lenportant comeoquences fll for the metaphysics of 
“ie of ‘he mathenatcal erat of che fo of 
ineriaby thrust ino promiaence the oc 
Cops of sper and times When te rubect any core of 


‘motion to matheratical treatment we analyse it into 
certain nits of distance covered in certain units of 
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sccepted measure of time. 
7 from the mett- 
Pops ideas of te rt Teter, be 
ee eee ‘considerations of man's life 
‘Out, x3 already noted, in quite a 
"The larger implications of 
fonuiiy ing marion quanstively into 
space and time were and ultimate 
Tastion slop eae ofr ete woe ted 
other connezions. [t must be remembored that the 
ualistive, ‘to the quantitative method in 
Saiplynes of Resto’ ana lanes tor any 
zaade space and time very unimportazt, but in the case 
of the former at leat Jed to 2 definitive, Fundazoe 
at variance with that given by the Platonists an 


Prebagoreane and ater ore uted to the mathe. 
matical method. ing to Aristotle space ia 








not something underlying all objects 90 far ax they are 
emended, something scapied by them: it is the 
remtoreope) howe which encloes 


or 
se Ta be or une ace aber 
than  gootnetiel thing. "The habits of thinking 
fncourafel by this sopet of the Avaetcan phyigs 
‘ould be overcome only slowly by the new senor ¢ 
se could wor at ence accu themclve fo the 
Brough that objees and ther lations were Ganda 
dently mathematical. For thi, howere the revival 
te pr eniminatng inthe Cope rd 
iminsting = wean wtrvuoeny 
constinasd, Physical spect’ was sovumed 45. be 
identical wich the ral of and physical 
tration was siting the character of pare mathe- 
arial concape, | Hencets the mevaphysio of Gal 
pece (ordinance) sod me ease fondament 
The reel ord isthe world of bod fx 
srathowatcaly rede moss, exd Ot moon) thet the 
Il werd 6 wld of blir ong in pee on 
Tn place of the edanlogal carsgorics into wbich 








ah rope ty et fan Cal's 
aia, "Te clacune evens commie 
wus to assign 2 new and. i 





characteristic that had 


phere, was, ufc 
ie retention of the cay for the old 
potentialey and Sees Erhiesl stacccly Serio 
Of the universe, a view suck that the very existence of 
being like mau became one enormous puzzle, 

Te the cxarwe of aacket phleopby previous to 


is, 


re 
2, 


Ses deka eps riacand dm, o 
or 

rf it had’ not been ratonaly explained, 
stale oes his analyris of events = =, of 
portal tnd ectaity "at ¢ ant of fee 
Batge 6 inaligintiy’ The Spe schievectat 
became the cominon posemion of most portant 
tought eoreaen ats since bis da;  aepecally the: 
victory interes ‘apttoal exper 
ence of the i ree the forefront of 


ii 
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the eransSormation of the acorn into the oak or the oak 
Ineo « table, and the usioa with God in the veligis 

ecstasy, where man, the highest in the hi of 
formed mater, cams in lal contact with Pure Form 
‘or Absolute Actuality. Wher medieval phiknophers 
‘thoughe of what we call the temparal process it was 
this ‘continuous transformation of potentiality into 
sctuality that they bad in ied, « transformation 
‘which culminated ie those ruvishiog moments ‘when 
the ing isis Dei was vouchsafed to some 
pious and trembling mortal, God was thet Ove who 
‘ernaliy exints, und ever draws into movement by his 
beet ‘beauty’ all that is potentially the bearer of » 


moment itself is no temporal quantity but . 
Ege ter ano ceed 

yin tn nti wre raed 
et oe ee pe eae 





fee tht mare thn nthe preset fe pat happen 
jing seems a ‘matter to modern 9 
reiting to be accounted for, and eves Me 





ef he eal world of adern mecaphysicn 
Fa Se ral mul of pees ae 


Tine of the 7 oder ulece 
Krom te dad pa bors frre ing nton 
‘whose ‘ultimate m © condition 
io sina meres mente Tener 
of the world, thea the fof phyica mint Becoene 
Te pt een rial een 
loeophy thus rewon in comider the 
Pein bs ka tag coeeee wt 
future rather than to tc rs eo 
ust as dead and vant ‘be consigned to 
Siieios eh ater Sone valet en retooled 











But pow we are observing the birth of thet 
Instead of 1 process of actuation of potty 
aye Grote mathematically toeumable Garton. 
fureher insistence, that the tempordity of raotion 
reducible fo terme of exact mathenatic, bar she 
importance—it means that time 

‘modern physics becomes nothing more than an 
Encoin, can be seprecented by 2 sirught Ee and 
dimension, can a ine ani 
ovardinated with spt) face siy repented, 
Galileo's exact study of velocities and accelerations 
to devise a simple technique for, the 

& of time, which wis fui 
te to the truths be to illustrate. With 
Ranatanatecewe: 
perfst machine who frre hppenings can be ally 
rodiced and controlled by one whe bas fll Knowledge 
oo pt seri etn ne cena PP 
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and control of the present motions. With man 
liminated from the real world, the laer appesred 
‘bound by mechanical necessity. Thinking was 
ssarted om that current which led neatly two centuries 
men inligeaceeogett wi the pon ted 
‘human intelligence with the position 
mpotion of the atoms at axy moment could predict 
Ran aligenceins mod Wine present nth 
‘such an intelligence ina world whose present isn 
foram tof mera ne Lon ™ 
future—in existence of any intelligence, 
reason, knowledge, of science in such a world—stribes 
Sinton operetta esoge modern 
me dexperately with the siepler 
‘icaldes present new view of a 

tad Jee tine or campy tata more perl 
scandals inthe caren ooton of toe. 

Tralnment for Calico mo hee 4 
pred thre ecg re tt ol be 
fully treated. mathematically. eh mesa 
work ‘here lay behiad bs the rowing sos 
through the centuries of astronomical 
which had Met nade manele ap in foe inhoats 
of Tycho Brabe. ‘Thinkers were now farsibar cooogh 
‘with the idea of the exact measurement of motion fot & 
genius to take the fal step and discover mathematical 
Sime. Of Galileo's own inveations for the more exact 
temporal measurcment of motion, mention bas already 
‘been made. 
ape NS had scnon to note above ere Cal's 

invest im 
yma ntezion sagt bem at pipet 
freee een’ wich wre opal of setnemaal 
expression, To’be sure, these qualities only reveal 
themselves in diferences of motica, but these differ 
ane are epoca ehenaives mathemati, bance 
itis Py quantiative 
Sakae Sie appar the fone’ Gacpts af 


a GALILEO 
mmoders physics ax distinct from , mach an 
seen ree eae en ae 
‘The degree with which Galileo anticipered the full 
‘Nowtonian conception of muss has beca hotly debated 
by historians of cience—for our purpose it 
to enter the ste, His work with 
‘bodies would herdiy have forced him to auch com 
ception, forall bodice fall with the same acceleration, 
‘More probably bis experiments on horizontal struts 
cof various sizes and proportions, where differences of 
‘weight cause marked variations in the results, were the 
principal ctuse of bis realization that bodies possess 2 
Shaner, somehow connected with weight end 
‘experienced resistance, that ia capable of matho- 
matical treatment %, This characteristic was not clote 
Sled in Ma mind ih the dot lw of mation = 
Gn his unyrteruatic vtatemnent of id) was a 
corollary from the fact that forces always 
sxalerclor in boli, rather then imple races 
Galileo was x ploncer in most of these roattere—it is 
lyr wo ak of beter machin scheremant 
of nim consistency. In antic of 
Brees bowers inpevan ate Gale 
the realization that the exact catheraatician can hardly 
be satised with motion as « blanket term of expline- 
to, oth Ue gen! pont of cutheriatid 
Sey eal area ee a 
ip w in the same ative 
‘to the samc other bodies. sacs ces cles 
‘lear on this point, but be perpeived dicsly that unless 
these diferences caa be s0 expressed thet all motions 
tbecome susceptible of exact quantitative treatment, 
‘ur ideal of « complete mathematical physics han not 
doen attained. 








steno sensi, 


GOD AND THE PHYSICAL WORLD tig 


{E) The Natere of Ceusabity—Ged and the Physical 
Acer ara 
With what positive conception of causility did 
Gallo replace the rected 
Here aguio we mest « doctrine of most 
significance for modern thought. We have noted in 
pler the translation ito mathematical terms of the 
scholastic formal case ; the cause of the observed 
effects is the mathematical and harmony die- 
oversble in them. This idea of cxveality, howeres, 
‘could not satisfy Galileo. His thought moved in 
Apr been dng wr ry glean peop 
f iy simple and usiform 
motions, ix whose case it was easy mot £0 lock for 
‘muuch more than « formal cause + whereas Galileo was 
prcaciy concered with ncdrued motions, wd 
presu to his terminology) 
fee Fred of els os ses Hone te ena ot 
‘very motion which is not simple and uniform must be 
in terms of force. Bu before we delve into 
tha on ti impertre,o note tt reios 
with the doctrine of primary and secondary qualities, 
Ure elimination of man fom the real word, and the 
change in the scientiGc notion of God wa 
encouraged by this whole revolution. Medieval 
Pil, een robe the uktnate hy of 
Weep pelo ay an 
Atreasin it nner 
fo eects quater could ony be pie in te 
se) had ad appropriate concrptioe 
‘Here’ was the teleological hierarchy of the 
forms, all beading up in God or Pare 
raley eed importance 
im and the material world. The Seal oly 











oun ged ne nnn af stom 
at the fect solly of mathemetea! changes ie thee 
primary-secondary doctrine we have already observed 
irs Gallen had some suppers for ha poston in 
Kepler's wotk and in the views traditionally, verbo 
‘ancient atomists. But what in che world ebould 
‘be done with God ? With Sral causality gone, God ne 
Aristotelian bad conceived him was quite Tost 
to deny him outright, bowever, at Galileo's stage 
the game, wan too radial » tcp for any impetast 
thinker to consider. The only way to keep, 
‘universe was to invert. the jen ergs 
and regard biea ws the First Efficient Cause or Creator 
of the atoms. ‘This view bad been already vaguely 
‘eandring shout in some corner of Barpe, adopts 
ly From a few Arab epeculators 08 
Endeavoured fo reconcile atoriem with Mohammedan 
Aheimtt, Hae Sted adirably in many expects 
with the popular Christian picture ealy 
Ssh oe eo ang ool aes 
1¢ Supreste. Good in inert 
nme 5, tahoe canal ere eee 
peal to merely to account er the at appearance 
Ne ams he tne ‘deny eeng sand mae 
inl as tire goes on to lodge all further caunality 
for whatever ett fo Ge stoma themeelven fa 
Galileo, however, this ep is not cowly taken. There 
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seemed to be sone invisible reality which 
‘produced the o i 
Tootions sre treated merely a3 secondary causes of 
ccvents, the primary or ulimate exuses being conceived, 
shy in tems of force. 4 4 
There can ‘one true and primary cause 
the effects that are of the same kind,” and between this 
Primary cause and its various effects there is a firm 
And constane connezion. He means by these statc- 
‘manta that for every distinct type of mathematically 


ce : 


penile mation there ia some pray caus or 
Indestructible force, which can always be depended on 
to produce its effects™. The chieh tokeos or charsc- 
trntics of these ultimate causes sre identity, uniform 
ity, and simplicity, features essential to them if theit 
chats ure © be aentiatively ented, Geaviy i 
an example of the most noticeable of these primary 





‘Secondary or immediate causes on the other hand 
smememn me “Bee R 





ects of cam wa, dened fr « wt fit 
hhe deprecated config te study of the properticn 
of acederted motions with a about the 
forces which cause them. ‘ht whe te cozepeet 
werk performed became fusdamentsl in physics, 
iy due to the achievements of Huyghens, 
for the fal doctrine, already toplist in the 
Sinks toes, tel cooma meio fe nae 
are both motions, and the cause is mathematically 
opus ounce we have te pot oe cone 
owe ate cone 
ate poh io 
‘the form of motion. “The conception of the world a8 2 
perfect eaachice ia thoa rendered inevitable, and it ie 
te geidae that Satin Haygheon and (he « were 
pilowphie form) in Labots we have eis positon 
equivocal Ths wan clowdy. allied 
tb tht ew ila of tne st masberatill contains, 
‘and ity contrast with the scholastic analysis of cxusal 
could hardly have been greater. Tnatead of ex 
‘aplatin jn terms oot womuited co « mietphysc 
ih pred man wx deternatve pr of satire 
‘between marter and God, we now, after his 
eet Gee rl oe oe 


Somat Pe toc 
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ey eee oes sores seme ine 
cxpresible rotons of matter tac 
om, fa the nance of eee ultimate forces 
‘heieclve in the vac eyetem of mations 
Coustiuing the ral world? Can we fad Galileo 
tempting to tarmer this question, auch, of the 
Iedieral meraphyncs which ban nowt been 
mop igglet renin, Bet hee» tee 
les’ revolutionary grentnem.. In an 
‘tecontrelled speciation Waa the ordr of the ay wo 
find + man with sullen elGrestiat to lve certain 
altionate questions unsolved, as beyond the realay of 
fears nce Ti euch cam. in 
Esio wrikes oe fiir with, omghcorents of 
eston as a mat euperoe even {0 
his ‘Sarvelloue constructive ‘chieveneats. To. be 
an al Sermon ago 
a bf gre 
oi8 Gigocs enrwez co the probleme’ of the 
Sonnet bat & was cough 2 Be he 
victories 
firme dipdlinioering pr apheryy pers 
{an to gratify Me eukaieti weavers atthe expense 
OF he gona mathe Sac of ray 
te plunged modern metophysis inp tbe moet curious 
Cbatacrsae Arcot te Gallen, we Looe 
sothing about the iaaer aniace on eaenne of foren 
wre only Know it quantitaGve effects in. carne of 
Tada. 
oe renew 
stow eo le ant Jp to ec 














* GALILEO 
i ing. seed we ly cated 2 min, wt lnk 





‘Sot te whieh mona es rvnwania as we ase’ who more 
eprands etn kiempuried foe cp} or whe work he oe 
reel reoptenly De mam ch ma parcial at ops 
Tipe ened of mee dy erry 





‘on bis, hence « temporary cessation of the latter might 
ph te Tle forme. it's dieu 











however, uch 2 remark was meant for 
snore, than eligious Yee that thin 
positivisic trend in was something vital 


Pty by the fact thar at Sues even the 
Fonds enBt enter of the cron of the vere 
and fre cane he tempted to relegate othe realm. 
of the unkoown, at least ust, on the basin of the 


fo" proceed 2 their solution, “. . . Profound 
considerations of this aart belong to & Bigher science 
than ou We must be siafed 0 to tht 
lass of lems woethy workmen who procure 
quny the marble out of which, later, the gifted 
Beate 
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produce tone materpicey, which ay hidden 


nape oded tere Callen wth! puming 


a moment fo rilet on the simpy stapendew scien 
seeps ofthe an.” The nace 

such supererogatary disquisitions, 
Une the hatory of 
individual as the one who, 
gvechrew a houry science; who cose 
facta » cw theory of the universe that hitherto bad 
rested on a prioi grounds slone, who laid the founda 
‘Gone of the most stupendous intellectual conquest of 
modern tines, te mathematical science of phytical 
ature ; and then, 48 if these accomplishments were 
rot enough, we most turn to him likewne as the 





ilonapher” who sufSciently perceived the lar 
tons of postlates ald met to present 
in outline a new matbensted ter 


retugon ofthe wavee a foes the hal justiicas 
‘Thelogy wean urate pose of expunaon he 
leology a8 an lanation he 
Pyeng depriving of their foundation those con- 
ixions tout mans determinative telson to mane 
which tested upon it, The natura) world was 
ayed as a vat self-contained mathemancal machine, 
<consiting of motions of matter in space and time, and 
saan with bv orp fering and secondary gua 
ties wat shoved apart x8 an a Sbectator an 
deeciveal ect ofthe grt mathematical drama out- 
Sie To view of the munthld and radial 
Formancen Gulleo mest be regarded as one of the 
massive intellects of wll time. single res 
inp tok ee fone een 
Sy ote ome 
ey le to his own— 
‘Descartes and Sir Tene Newton 


Re Semen 





CHAPTER IV 
DESCARTES 


Dacaxra’ im; in this mathematical moversent 
‘wan bwofold ; “he worked oct a comprehensive hypoth 
ais in detail of the muthemapeal structure nd 
Sates of sie bepeetce lapses ce 
consciousness. of the inportant imy 
soy pct thar Sad tert shore by bs prodeceson 
and he attempted both to justify and stooe for the 
reading of man and his interests out of nature by bis 
Sumuons mctaphysical deals, 

‘While wll fo his ‘teens, Descartes became absorbed. 
in mathematical study, forsaking crery other 
interest for it, and at the age of twenty-ane was ia 
orm of al that was then Known onthe sabe, 
During the aext year or two we pesforming 
imple experiments in rocchanics, bydrostaticn, xn 
pits ike teapt te ceed rushers Pave 









‘and gave the inspiration and i 
tin Ghole ewok. ‘The expesence Sn 
EM the Angel of Troth appeared to hon and 


Se eter 
“ 
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to justfy, through added insight, tho 
‘conviction which bad already boce deepening in ks 
mind, that mathematics was the sole key necded (© 
unlock the sccrets of nature. The vision was so vivid 
‘and compelling that Descartes in later years could refer 
to that precise date us the occasion of the great revele- 
tion that marked the decisive point in his career. 


(A) Mathemasics ar the Key ss Karveledge 





pacer Tooure specter esis 
Su Sarg Dee celal ae 


” DESCARTES 
hese, it ia clear that mathematica must be the sale 
sand edequate Jey to valock the truthe of nsture, And 
it wan not a violent leap from the wish to the thought. 
‘Daring the following ten years, besides bis numerous 
‘we cagaged in further mathematical 

Psich were woiten dows toward the end of 


‘and he was also working out « series of 
rule 
Js these ction exp 









‘measurement generally’. That is why 
Sa ciece Seen at 
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‘Devceriea sat pains carefully to illatate his thesis 
Shen Lneelotge Ben? . a 
mat fae Every other bin ‘tude 
‘runt be reduced to mathestatcal eros to be handled 
‘ffectively 1 ifit can be reduced to emended magnitude 
to cinch the better, because extension can be repre- 
ented in the inition as well as deak with by tho 
intellect.“ ey, ope thing can be said to be 
nore or las white Han anothers x a wound sharper er 
flatter, and 30 on, it is yet imposible to determine 
cracy bebe the gree ceeds the Tam the 

parton too to one or Cares soon, ety een wo 
Fret the quantity sy engin scorn ey analogous 
to the extnsion ofa body fossating gure” Ph 
Ss tercthing diferent from mathematica, mercy 
Gctermines whether certain parts of mathematics ae 
founded on iopthing tal or noe. 

‘What, now, is this mathematica) method for 
Descartes in detail? Faced with x group of natural 
Phenomena bow a thescientot to proteed § Descarte" 
Enower early im the Rader i o dstiaguish two oteps in 
the "gccll” proces, seaion and” dedecnon, © By 
Intsiden 1 undertaed - the conception which 4h 
Uncowded snd ettentve mind giver wi 0 rely and 
‘distinctly that we are ‘wholly freed from doubt xbout 
tat witch we undervand He iucrates. thi 
iy cng camin fndanewspropationn ch wt 

ye fact that we exist and that « triangle is 
bounded be baer Tines only, ete. By deduction be 
‘means & chain of necenary: inferences 
tuitvely known, the certitude of itn conclusion being 
Enown by the otioms andthe menery of thee 
SENS ‘L Ge den, were be razon GD inode: 
‘qucy of thie propositional method alone to yield « 


wnt ome MR LO 
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mathematical physics, and introduces the notion of 
simple nancre, ws Gacoveries of intuition in addition 
‘to these axiomatic ‘By these simple 
natures he means such ultimate characteristics of 





peas ce Srupaecon ee 
t wanders, and as x consequence Cartesian 
had to be that of the Galileo- 
Sag ort 
teason he any tht can ids in meting oot mathe. 
tutical diferencea in phenomena ? ‘Three he offers, 
oe, ae Meiners it 
i> ot clear™ but epperendy » Content 

sah of hi en ould be at ity ta are 
to n'a footheld in them, gure that welch coo 
ceems the order of their parts, while dimension is say 
SESS i's neccey ws add fp cde tnt 2 
part of the fact shall have escaped mathematical 


meio 0 tmame 
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reduction. “By dimension E understand not 
cdbely the mode and aspect to which a mubject 
{ete dan engi, brent and dep te ds 
case ne 
dean Ue eaten a vp nen is ores of wach 
the Resvinesa elfen neat 'o, too, velocity 
is dimension of motion, and there ar an infinite 
tanker of onie roses” 
i, plac etc st Further math dimen- 
Tou akin to Length breadth and depth encept that 
they ae dimensine of motion rather than of exten, 
harboured cnarsous possibilities which were entirely 
wunrealized either in ‘or an the work of later 
scientits. Had he succeeded in carrying the thougat 
through, we might to-day think of mot and force a8 
atical dimensions rather than physical concepts, 
oe ‘the current distinction between mathematics aad 
sical sciences might never have been made. 
tight be teen for graned that ell eset wience 
ger kena, ov cerry ing eed Gk 
mathematics, 06% 
tus to tne in teres of which move qualities of the 
phenomena become mathematically reducible. In 
{hin yease be might bave conversed the world o his 
docrne the end ofthe szond book Pra 
tall the phesomens of namre may be_expl 
ea oe es ae 
wae esl res eee of wei wag 
vworka in whic seca to c 
for aaring evi to be ao annual cheese 
ity 20 be an. exsental c 
and poeta 
woe i wap omicedly el tenet 
tr sidtoh ‘22l motion whi bocce bar tone 
another." Tn general, however, be tended ta forget 


itm 
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and we find him deny 
pref etal Eo Rhy lreate 
pei maa ine of the fact chat i 
‘to have no weight”. 





Densive conception Pree 
Errotica es 
it easy to make 1 rather brusque 
these qualities whick Galileo was trying to reduce to 
‘enact mathematical treatment, but which could not be 
0 reduced in terms of extension alone, This acheme 
‘was in efect to saddle much qualities upon an ueoffead- 
ing ether, ar Gest matter, as Descartes urually calle it, 
thereby making it possible ta view the bodies carried 
about in this ether a: possessing 20 fertures. ot 
dteocble fom exeason., Descartes” fous voter 
theory was product of this vigorous, all- 
‘embracing speculation. Just how did be reach it? 





B) Geomerical Goncepnen of the Physical Unive 


‘We have noted the biographical il reasons for Des- 
care ope ttt wold be pole to work out» 
required no for ita completion 
Se ssa ee ae 
onan ing, sich a8 
sviliag toot prasre extension, but wherever bee 
in extention there must be some substunce'!. Further- 


far it in a manner which fairy satisfied bi 
set the extended things in motion in the beginning, 





Pere Rett Mem, = rele a Pt 





1 the dat law 

3. the world of extended bodies bas been sothing, 

‘t vast machine, There is uo epontuneity tan 
wit 





vise nds ef notaa ail os the 
‘agra proms Korie all happens is scoordance 
wit ref rity, cisic inevitat Py és 
a ee ctu 
= sod of ter 
Shave wits basal apie hyosiede Only 
= ron 
by regarding the objects of our study as swimming 
TESTE a dee ce tow mat oe 
sown term, whic a not at 
Spc ca age wey ta at 
picture as takin, on forms of mation as resale 
= coe 
Pie cals arte of oer indy kestrel 
falls into a veries of whit or vortices, in which the 
visible bodies ouch as ‘and terrestrial objects: 
‘are carried around or impelled toward certain central 
jinta by the laws of vortical motion, Hence the 
is the carried can be conceived spurl — 
aly they porno qu atts dee 
from rimnio' end fice Sobiity ihe soronnling 
Schon, "Uehuly, er ee Decne, ease a 
wame claim for the first matter itself, but it was the 
‘world of physical bodies that he was eager to 
Tannen 
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‘qxplain, hence in terms of chs hypothesis he imagined 
final w have ceazed the grett ambi of he tie 
in the achievement of x thorooghly geometrical 
prs, Whaj he did nt appre wit tht ths 
‘peculcve uc was boogie the expan of oading 


express thernsches ix and other varia 
‘of eloity-—ebe aceon ‘word which Galileo 
wus endeavouring to expres tatheratically, and 
‘which Descartes himself ic his more exact sathe- 
‘matic mood had conceived as dimensions. This 

lure did not at all drive them out of the extended: 
‘eal bat merely hid under cover of vague und general 
‘texma the ‘of their ‘mathematical 
treatment. To solve that Descartes’ work 








Eri of Gaz, they had ot comet ae 
tly und connotea ta exert) adele to math 
tiatcal formulne, Galo bad caught Chia remarkable 
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‘work out to 2 clear dame his earlier muggestion of 
Teiphcacd volsty w dincasian, and fuged instead 
to the highty opeculacive wrtex cheery, which concealed 
the aun Of ese recatons is the vague, ive 
nay 40 ‘rived the purely geotnetrica 
startet of the vile bods ee f 
ye vortex theory was, one the Jess, « moit 
igaifcant achievement bistorically. “Te was the fint 
comprehensive atempt to picture the whole exteenal 
id in a way fondamcatally different from the 
{totoloil sad opal emeapeoa of bo posse 
‘ r n of 
tf raturh, bad controlled men's Gaking foes len: 
fom and aha God bd Gente he weld of phil 
seitence, for the purpose that in man, 
fatural end, the whole process might Sn is wr 
oR ee ree 





trond is pictwced concretely a2 mater) ether then 
‘pa, echanialhe tan eesopea Te 
ge ia et forthe likening of, Borie Lo 

Seite Gelntng i Be 





“The theory bad an important practic value for 
Dascarten 8 Coll. In 2633 he bad boon onthe pet 


carlcn eachanial tenet had 


u 









oe 
wily SS oon hero 
Te proceed to foe truth ofthe maize," which ie that 


‘motion is “ the transference of one part of matter or 
‘ont body from the vicinity of thoxe Godies that are in 
immediate contact with it, and which we regard as in 
repose, into the vicinity of others." Inaaruch a 
‘we can. regard aay past of mstter ax in i 
Coavenient forthe smatioe, like place, becomes 
‘whey relative, The ienmediate practical value of the 








‘wus occupying himself with sill more ultimate saete- 
physical problems. ‘The conviction that hin mathe- 
Goal peice bad ita complete counterpart in too 


2 ae att 
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structure of nature was being conticuilly confirmed 
rages, but Deca wa ot ec with och 
"was eager to get an 
st gle tM dar wd is ake 
mati ‘nas be eternally true of the 

Trl and be pereved tht « new tached weld be 
required to solve thie ukimace dificuity. A sense of 
the, grosnrem Berean cance of Sle 
me viaetl tener Beier a 
By ccatng oe sented ees sees 
‘eatablished by Cod, the eternal invariableness of whose 
wil in deduce fxs his pefeion, “The deta of 
hed 








adequately for it; now, bow= 
"tourer tepals ‘him, co chy is 
through is no mere poner distrort of hin own cap 
ete but « conruming need to get «solution for this 
specie problem. We shall not follow hie ehroogh 
these inBleacies, bot concentrate our atteation upen 
fone farnoun arpect of hie the dual of 
fo ulkimate and mutuly independent estes, the 
‘er extensa and the res copia. 


(C)* Res entense and * res cagitons? 
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Te ia the sensible woe! thet our phi anemy 
weagucad Wie wei aa or tata Oe 
to be verified ; at the same Gime when we complete 
‘our philosophy we find ourselves forced to view the 
eal wotld 28 possessed of none but primary or mathe- 
smutical charareeriric, the secondary or unreal quali- 
ties being duc to the deceitfulness of the senses, 
Furtherasore, in certain cases (es the motion of the 
‘eacth) the immediate testimony of tbe senses must. be 
‘wholly renounced a3 fale, the correct answer being 
reached by reasoned demonstrations. Just what is, 
then, the starus of the seases, and ow are we specisc- 
Ally to dispose of these gualities which are 
shaved aside a8 due to the iusivencss of sense? 
Descartes attempts to answer these questions by 
renouncng emepiricam es a etied and by prov dng 
1 haven fr the tcondary qualities in an equally 
‘hough ee important emery, che thinking wnbae. 
owe ie tar phlocyiing gos ‘out the 
about which eur ‘ont, 
‘method of correct procedure in pillowopby ‘ust bot 
fctt upon the trustworthiness of sense experience at 
eis hee ‘30 object wuch anit is 
‘sense alone by our reason exercised u 
scoaible objec). Cn ings ccperding which there 
‘is no revelation, it is by n0 means consistent with the 
character of a philosopher . . . to trast more to the 
Senees, in other words to the inconsidemte judgments 
of childhood, than to the dictates of mature reason. 
We are to seek the “‘certain principles of material 
he Eoic of rote, all Gack tens poo te gee 
the Tight of reason, . 
evidence that we ‘cannot doubt of their truth.”™* 
Sensations are called * confused thoughta,’* and there- 
fore sense, a2 tho memory and imagioation which 
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depend on it, can only be used as aids to the under 
acting in cota spec and limited ways: eile 
‘experiments can decide between alternative deductions 
fom the clearly coneived fist principle ; memory 
and imagination can represent extended corporeality 
‘before the mind asx help to the latter's clear conception 
of ie, Tein not even necessary, wx bass for « vlig 
philosophy, that we always have the seusible experience 
Ly ‘from ; reasoning cannot of course alone 
cx to give blind man true ideas of colurs, bot 
ifs man has once perceived the primary colours without 
the intermediate tints, it i possible for bim to con- 
Our mel of pidenphiod dicey, then 
o discovery, theny is 
les rato an cncmpeal tha sense world 
confed vonettings « 4 y 
p ‘o the achievement of otk’ Why, com, 
havc ctjc asthe ray Eored oe 
objects as “re, while the secon 
qualities do got ? How m it that “all other thingy we 
conccive to be compounded out of figure, extension, 
motion, etc., which we cognize v0 clearly and di 
tinctly that they eamnot be by the mind into 
thera more distinctly known #"°" Descartes’ own 
justification for thie claim x that bese qualities are 
Imore permanent (oar the ethers. In the cave of the 
piece of wax, which he used for ilustrative purposes in 








the second Medivetion, no qualities onstans 
but those of extension, ‘and mobility, which 
ashe observes ise fact by the understanding, 


ot by the suse o Now éexibility 
e of ee, ence extestion tnd 

‘Dobiiny uae we lit as the Coowtat quaices of tl 

braes gach they can by no means be done sw veh 

‘while the bodies sill remain. But, we might 

{ot colour and resatance equily constant properdce 





wy te ar eld for aathersatica 


ant 

cannot be stressed too 1 

Ft pe pas 

‘But now the additios of such logical proportions 

us the above to the achiions and 

axioms as illustrations of clear and distinct ideas, is 

or poe, ona ety wth Ray ead 
slready meta 

"No mathematical teeta Sj in « more cogent 





‘whole extended. worid, note with ebyolaie serupince 


the existence of = different kind of entity, 

oon a be the i 
the rei of geomet bodies, sil we 

few that we doubs, we coceive, we sli, we Wl 





ous hund thre i the world of bodies, whose 
=A oe ao 
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exsence in extension ; each body is « part of : a 
Emited spatial magnitude, different from other bodx 
only by different moder of extention—e geometrical 
‘world-“Lnowable only and knewsble fully in terms of 
Pare mathematic, ‘The verter theory provided an 
tay dispoal of the trooblesome questoat of weight, 
selictyrand the Bike ¢ the whole paral world boots, 
tied bee sco Ga Eisen Bed 
oa and tho preceve in 
which ee OF contions sttentons 
world ban ne en chought whatever, fe 
whole machinery would continue to exist and operate 
H there were no human brings in extence a a 
{On che coher haa therein the inner realm woe 
essence is thinking, whose modes ae beidinry 
rocenes 4 a2 perecption, willing, feeling, imagis 
Ete, ¢ reat wich ts noe extended, and & fe ture 
independent of che other, at least as regacds our 
doquate knowledge of i.” Bot Deseatecs rat mich 
patueated In the rar copes, ln Goocriptons of are 
brief, and, at if co make the rejection of teleology’ 
the new movement complete, he docs not even appeat 
‘to final causes to account for what goes on in the realm 
of siet! Everything there is a mode of the thinking 
To whch rea, the, shall me place the vcondary 
qualia? The axewer given in ieviable. We oan 
Shoceine the peinary qualties to exe in, bodies et 
they realy a0 3 nod go the tecondary. “Te. uth 
they can be representative of nothing tat exes out of 
cur mind’ ‘They are, co be eure, cumed by the 
‘various effects on our organs of the motions of the 
‘tmall Insenaible parts of the bodice™, We cannot 

















Sree nee eee eee 
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conceive how such motions could give rise to secondary 
qualities in the Fadias; we can only attribute wo the 
Sodios thempalves disposition of motiane, such that, 
Vroaght into telation with che senses, the secondary 
pln are proaced. Tht che rere x coaly 
from the cmuses need not give bs pense : 


‘The wean my oF wid cag 2 pan of or din crn pain 
(hot denon thar acme ae eee of tin mtn Fo 
feds And b mvone Cac this waco Of yn b bt diet 
‘onthe sno at caer rm te fn pro or by a the 
rom ten oe ie ese a lo eye 


Hence all qualities whatever but the primary can 
belomped gird Tmeiguedte thesecdad member 
of the mecaphypical wedding. We possess a clear and. 
distinct knowicdge of pan, colour, aod other things of 
this sort, when we consider them simply a3 sensaSont 
or thoughts ; but 








‘Saeecaly shennan at Mec a rh smn fs 
‘Sear of whic he weeny igen or tel ot Bnew Win 
=a 

7: om ely eee hw the menan x coe boty cxf com by 
‘at of eter od renal byte, Ege tao fr 





hay asain odo 
‘or an fem expr hat wre fe we ey od 
‘Fjeoh mney whe we de nore at mptng baie te me 
(ert en xq en ce mm at eam be 
‘S emclat tnt wen wo way Swi ppc Chat cereal het 
(teh eel ig len, ae ot end dh lat 
‘Beale qty oc Unt which we ell ar vbw ora, elem a he 
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‘stow digonnncs a hu pes winch bare th pw of moving oor 
a 


rid comistng ef ge, satboasal mcioog, 
sword con A 
Traded fo spies tod Scher wold con ting af 
Uinerteaded, (inking spc. Aad whatever i Cot 
wethematcal or depends a all‘ the acy af 

inking subutance, expecially the so-called wecondry 
(quale, belonge with the hetr. 


(CD) Problem of Mind and Baty 

But the Cartan sneer rates an enormous pro- 
‘blem, how to account for the interrelation of 1 
divert enti, Uf ach ofthe to subaces ext 
in absolute independence of the other, ‘motions 
aoe agegieiee 

is it that ‘conceptions 0° cate 

of unextended mind are valid of the res enema? 
How jv that at which i unetended os howe, 
land, knowing, achieve porposes in, an exten 
Shiverse Descares” eat jecionthie answer 
{hee ical w the ue anes tht Galen ade 
toa ‘ot ao clearly foreaulated problem 
ry meyer re 
oath that he, pure mens concepts 
intuited by mind are forever applicable to it. This 
‘waa the answer that che later Cartesinns attempted to 
‘work out in satisfactory and copsistent form. ‘The 


‘appeal to God was, arady beginning wo love 
ihe amoag. tre sewntecrninded ; the 

of the sew movement wus shove everything ci 
declaration of in theology, 3 

of emi ai ‘ent be 5 te anh 
appeal to 2 ‘answer to scientifc questions as 
‘woul! make genuine science icsponsble. ft wat an 
answer to the vitimate aly, not to the present Arw. 
‘Descartes himself had been’a powerful Sigure in just 








ve nova 
ceriineee aie 

eee 
‘whose influence ley quite outside the main current of 
ih ameter 


eipaand Ty mck vigor Thaker a Hobbes, 
oa uch as Hobbes, 
were the ones which ar, sigaiécant. In, theve 
passages Descartes appeared to teach that the obvious 
Felatonahipe betwees the owo ences of the dualism 
implied air ll the rea loaizatios of ind, du 
was of the atmsst importance for the whole subsephend 
oe egg fle a ep 
ined 1 the wind wat pitfall meagre 

ir meg a catie sete oes atyas ola 
er 
? icad_ap i out 
Apeken dualism, All the non-geomesical propertica 
tteta be shorn fom ru exeste and lcd inthe mind. 
‘Hee asseres in words that the latter “has 20 relation to, 
tenon nor dimensions," we cannot” concive of 

‘apace it oceu; . ‘were 

tack pamages ia" ly Jaed to he whale 
brody and we canaot say that it exists in any one of it 
parts to the exclusion of the others” ; we can affirn 
the & 7 cacy oo focioen” pee peso 
in the cocarion, * from sohence at radiates forck shrew 
sil the remainder of he bts by meant of he animal 
isthe pat phloepber ofthe sev 
in Dew 
Sey sage een es 
people who were into Tine with the scieatific 
Sarrent, unmetaphysically minded at best, totally 








Soe 
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‘umtble op appreciate sympathetically the notion of a 
tal entity quite independent of the extended 
iy because such en entity was quite unrepre- 
the imagination, because of the 
‘obvious difcaltie involved, acd partly because of the 
powerful infuence of Hobbes, come i thiak of the mind 
(4 something located and wcholy coufd cxthin the body 2 
‘What Descares had meant was that through « part of 
the brain x quite unextended substance came into 
flirts withthe real of extension, The et 
Fomult of his attempts on this point for the positive 
lente current of thought wat thatthe tind ected 
in wnt the bole. The enreeof ete, 
conceived as thoroughly geomettical save a to the 
ngocnee! of the “fint maen” extends ‘infrtely 
‘throughout all space, needing nothing for its continued 
‘and independeat existence ; the universe of mind, 
indoding all ex ‘qualities bat are not entthe= 
mati reducible, comes to be pictured m locked up 
bochind the confused and ‘media of the senses, 
away from thi independent extended realm, in a petty 
and inugnificint series of locations insde of human 
bodies. “This is, of course, the petition which had 
been generully accorded the * soul” in ancient times, 
‘but not at all the ' mind,’ except in the case of those 
philosophers of the scasationalist schools who made no 
Ssental diinction betes the fo, i 
‘cour, the probiem of knowledge wae not so 
by this interpretation of the Cartesian position, but 
rather tremendoualy accentuated. How ia it poasible 
for euch mind fo know sothig about ach a world ? 
‘We thal postpone for the prescat, however, considera 
tons of thia sort ; all the men with whoes we are 
‘immediately occupied citber filed to see this enormous 
problem, or clac evaded it with the cary theological 
answer, 
‘Note, however, the tremendous contrast between 
‘thin viw of man and bis place in the uoiverse, and that 














of the medieval tradition. The scholastic scientist 
eer 
porte ecieeor 
oe 

ma geet oe 
semanas certo 











spiritual—are tnmped together and crowded into the 
‘all Buctustiog and tecsporary postions of extention 
which we call buman nervous and circulatory systems, 
‘The metapbysically constractive features of the dusl- 
fon tended to be lost quite out of sight. It was 
viply a9, incalculable in the viewpoint of 
the world beld by intelligent opinion in Europe. 


CHAPTER V 
sevnernixty-cneruny aNotssH patosoPHY 


Tilapia Eosope darg 1 ater al ofthe 
‘oe her 
4 eenhry, iy Scan ba was not ely 
Tee, mheogar end smug bet ae 4 
[od th 4 ceamristy aioe reach a ce Big 





tee of the thems up n one farhion 
Btncer te hl chitoe of Seciose meatiod 
ience. In. England 7 he aroused wide- 
‘spread interest mbzed with considerable keen erécem. 


toe thoes Zouhing therein the third 
owt of the centny who were yropette with the 
Eg tsk that Descartes pas tring co accomplnn 

p screrly coed of him mr certain iportant 
deals, wore Thomas Hobbes and Henry More. 


iy beieBy 
referred to ; we thal now describe his eghifcnes 
in the mathematical current of the times by 
it in a somewhat wider context as indicated by the 
Sa pani 
ing the thought hid been 
patel tear OF tasgial Gana Enghad 
than elewhere in Europe, and in the Srxt 
the seventeenth centry ‘ocular Harning So oct 
nightly udranced bythe championhip of « man than 
rhom there waa cone higher in tic politcal counsels 
UF the reaizy Lord Chnnctlor Bgcon. It impossible 
‘to trace any direct influence of Bacon on the mets- 
phytice of Boyle oc Newton, bat the former's con- 
‘ception of scence as an erated co-operative enterprise, 
A "7 
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$e spp eee ae and cogency of 
en en as ad 


Yeading 9 
exercised 1 potable oe vi 
‘scum Boyle in some det in the chapter following. 


(A) Hebte! Atak m the Certetian Desiton 


Tig Eales wee we hed of os et 
‘bis philosopbical ‘were not seriously awakened 
Sole Sere @ eee pemey te 
of that 





ceeded) boweres, in giving precise mathematical 
fo these esi the way ofthe great alin 


‘tm the new terminology of ine, free 
poole etc, Wan somewhat in 





‘aad Ss oace Se Now at ie 
see tothe proposed work. In these objections Hel 
31 uncompromising opponent of Dents, 


‘Golam and the dea” by which it 
™ "sccordog ws Hetbe, dl 
aad mhatever are meden ; now Chinking in 





HOBBES’ ATTACK ON DUALISM ny 
its forms is an activity, erefore thinking ia « kind of 
motion, Mind ia simply « mame for the sum of a0 





‘be 905 reasoning will depend on names, numer on the 


ie imagination, t 
te moon af thetcrprcal arpa Thus mi 


HE 
gi 
“E 
ft 
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he 
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relic of the scholastic occult qualities, “If M. 
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i 
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j 
: 
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i 
Fe 





for a phil sical of the 
fe terael erento 42s cee 


frankly to motico, end study them in terms of 
sandy canal niles of maion It is 
"he science ce simple motion,* thd. geometrial 
mechanics, which he took over from Galileo, ws the 
indiapensable prerequisite for all further accompliah-- 
"'Now roca implies « meshing which a 
iow Bich moves, an 
that something can ooly be cooceived in 
fushiga ; we Taust think of ie asa body.“ We can 
‘eanceive no activity whatvoewer xpart from its subj 
{fy te canoot think of leaping epart from that 
leaps, of Knowing apart from © kaower, or of thinking 


E: 1 0s ar 


320 THE SEVENTEENTH CENTURY 
pomratie: defame keces oan oe 
pomratie: defame keces oan oe 
te facia ee art 
en oa 
aM. ‘Descartes hienslf afterwards ahowe, when 
ae ee cere oe 
it be so conceived ? Tha newer cha foe Ebebbns a 
ice greet Teammate Ge aon 
ec eect ee ds ima ofc, at 
eg i gemedig pong rial ae 








‘iangle perished. In like manner the 
ean fs an animal, will be true, 

‘umes it emplays are eternal, but ifthe human race were 
» periah there would no laoger be « human nature, 


sit 
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Eiepistel Som cxsrcr'a noting oh tan 2 
riogdskel foe cise k's A 
tnion of names by means of the vec And tg 
‘essence without existence is x fiction of our mind."* 


smopon, which te be wh ee fae 

















ad he must conceive aw. corporel further, 

is sot together of images 
or the tne ehh we hare aentiy magead hs 
‘them? ; it is the motion of these images succeeding 





one ander incerta way, Therefore Hobbes Sos 
justification for « meeaphysical dualism. Nothing 
‘without on but bodies in motion, thing within us but 
ic motions. Tn this conclusion he 
‘not only sets the fashion for the popular interpreters 
ofthe Carresian diatom, in holding thatthe find ia 
something confined to % portion of the brain and 
circuhtory aster, but more cadical stil, he swallows 
up the rer expan by tretng ita» combination of 
certain types of motion possessed by rer exten 
‘Wer have be his work the Gra import attempt 
ei new assumptions and method of Galileo 


Taw Hobbes recognizes that he has obligated hier- 
ate vw eplartoy account ip tere of boy 
Sd motion, ofthese images, sntomuch 2» they do not 
oie nen ihonaes wv chee tel 
tmetions of located in the brain. Thin expan 
‘which eppear fret in the Treatve of Hen Nltee, 
sof prokound sigeigcance fo the easly developacnt 
slay asi ofa heen ek ak roms 
Hobbes" chief importance in the carseat which leads 
on be meeps of Nevin Mech of 
haturalism, expecally in peychology an 
iinet, pay pay ds 
‘hoaghe of bn penta pt counters, bat 


STS re we 
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bis contribution here was too much in Hise with the 
‘ictrous sient march of the tine to fl of 
profound cffect. He attacks the problem i 
poet see, Heme aermtenty 
aide are not ful in boy ("an ie or colour 
4 but an apparition Unto us of the motion, egitatio 
cor alteration, which the object worketh inthe rainy 
‘8 spirits, or some internal substance of the head"), 
yet Chey deem to us to be there just ad euch ap the 
primary. 


@) Treatment of Secondary Qualities and Causality 


Haber pmting nthe are dingy ead 
decaying senve ‘phantasms, xi he calle 
then andthe heater aie fromm a conic of motions 
wis in the human organism ; the motion coming 
from, the object clabes with certaix vita) motions 
‘proceeding ourward from the heart, 


wc cadre aun sere, wens w be wo mana‘, 
‘Aud tha coming, Gacy, sat Secs mee Son) ed wee 

thoy tight tle Ege wt wx mr} th 
‘es nt eer te nga od peyote oe 
‘Fondo eld, Lm, doh cy 8 
Gooey by ichng. AD wach gratin aed wea, aw the lft 
‘3UG canat nba 9 may seed nso pate by wb 
roneth oar mem ily. Noe tat Ped yy 
Tg abe dra ae Qn ce ett bg tt mn) 
Det ic speenec 9 w # Poy. te oor wakeg demi. 
‘Ant to pratogs abbing of wkng Ge py ma acy WBN 
15 prmag th wr rode & ka 1 dt Inder weer 
[Potts am by rameg, Qongh ebro scien. Far ftom 
‘lou ot soundt er ne dan sacs whch eae thems Oy 
ee ere 

i yy whan wv Eno Ga ag ova mo 
Since an egh ape on aan ae aay 
pete oraed wth brary Rigen wy pe heh oe 
SE. So eo ancy sete) nd res dh wae 
(ha chemo secs oc qa oro mae w ak et 

‘at Tf one Hae ag Yn IP 
Eioratinnn inert 
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he wets ty be a ha ern seg tod apeccn a the 
{Ringe ac aly nt pr we ee oe meio by WA 
‘ow wenigs cawde Aad hh beget repos ma, ch 
Site bby em owed: for ecm nich er whes Tee nly, 
{het te eon ceeco in e Secry take eh me a 
(ety mbecion ot eoooenvtin fox oe" 


Hobbes thus adds to hia materialistic reduction 
of the Cartesian dualiam and his conviction that man is 
to be adequately explained in the same terms that have 
ben founds ecu treating rt emice (which 
‘was pons ‘becuse co appreciate 
the mictcathematial idea of the new moveneat 
in the minds of his more scientific contemporeries), 
epee xponton of ig ty wa wool 
maturally occur to any one suddenly taught that 
secondary qualen were really notin the objct ut 
in bimeel, fing to Hobbes, al sense qualices 
sappear to be without, “ there is in the whole 
‘organ, by retson of its own internal natural motion, 
some reistance or reaction against the motion which it 
‘propagated from the object to the inoermost part of 
the angen ;, there in sso in the same organ an endea 
‘your opposite to the endeswour which proceeds from 
the object ; so when that endeavour tawards is the 
lat action in the act of sease, thea from the reaction, 
hhow litle soever the duratSon of it be, a phantasm oF 
es tht Beings hich by enon ter the endeavour 

ow “doth xs somethis 
Misate without the organ. - Hor Hight and colour, 
‘and hett aod sound, and other qualities which ate 

‘called sensible, arc not objects, but phan— 
asm in the seatieats.”> Jt is oo more true that 
fire eateth, therefore it is itelf hot ; then that ére 
‘auseth prin, therefore itis itself in pain, 

Now, We tight ask, does not this line of reasoning 
apply to the primary qualities ax much as to the 


EVER pw renn 
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ke See CATT 
sesdkane> Apparent fare so ce between 
them in this respect. Habe newer Gs objection 
tsa een an pre ake n> 
between apece and geometrical extention, & 
Gicnadon which ss we axes bar bet 
ecu in oe 
dei eg dou 
Neeoaian times. Space, Hobbes, "a La 
bees ay of hg ng vi 
sy Pome of ca 
Beet aay bee ap pp 
ig 
ees ant tte tees dan ok 
ea eee oft eae 
fete bt ten cera Sa ee 
eee soi 
brachii bchg t 
‘Time is Hkewise a phantasm, "of before and after in. 
Serene ve tee eee 
ee fie uaciitn aeons Si 
ae pe apne te cer 
‘but Sectim of he-mind, spptying: the scsi 
Sieceeamae noe 
is mation but no tte; time isa phantasm 





appearence i 
place really within the organs. ‘The big ¢ wena 
El diielty ir such a poston Hobbes spp 


‘ot notice. He assumes without poe 
the easentials of Galileo's mechanical 
‘New Hobbes’ combination of fem and 


ieslian oe ts arco lao pends to 
(proclaim quite frankly and without che qualifcations 


TEemytiety Sake ne tornismeaton, 
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and cxceptions in Galileo and Descartes the doctrine 
of causality whics bas become accepted more and more 
fully and clearly in modern times, deserving for that 
reamon to be vet over against the mediersl praciple of 
Aaa aoa by the Super Good a con 
spe emai cea fn tr of parser 
on re ways in texans 
‘motions of particular bodies. The vast, bidden forces, 
‘which were for Gala the (or ultimate causes 

of effects, disappear in who bat followed 
Descartes io denying the existence of « vacuum in 
ature. “There can be no cause of motion, except 
jn x body contiguous and moved." “For if those 
bodies be not moved which are contiguous to 4 body 
‘unmoved, how this body should begin to be moved ia 
nat tmagicable 5 28 bss been demonstrated . ., to the 
tend that philosophers might at last abstein 

we of euch tacos: connections of words. 
The latter escrs in the mit of 2 

of Kepler for calling in uch oceuk powess Eo 
tesction an came for motion, Hobbes eld, of 
course, that magnetic virtue itseif can be nothing’ bat 
maton of body. | Brerything tht exist is partion 
Jar “bedy ¢ everehing that kappess x patinlar 


Billy, Hobbes? nominal together with his 

mechanical account of the genesis of the deceitful 

‘phantasras, expressed itself in a feature of bis philoso 

Gat ha been sabeguenty mont ishental 

fe should note that in a certsin respect Hobbes 

ene «counter tndeny the ren of Galen 
ta, the ta 

Tee et te Cartan Teno sod brat nen ‘ack 
inta the woeld of manure as a part of her domain. But 

the contrary logic of te motcaeat wus too touch for 

him. He was unable to introduce the exact-mathe- 


Sime 
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tzatcal sctod ite hia Viclogy or poly, wth 
the resale char che allied and physica 
inemact und uncertaia, snd were for that feason of m0 
tie whatever ta. lmzr scinGst. Couple thin fact 
‘With the extreme radical of is endewrour to reduce 
mind to bodily motion, and his fulure to. convert 
‘tience to complete materaliam in quite understand 
hls, A reainant of the re: explant stl remained 
teven Hobbes Ind 2 be explained rather 
‘than desied. ut someone might bave carried over 
the teleological racchod. of explanction, discredited 
now in physica to the modern amuyais of the human 
tind ; nazure might have been abandoned to rathe- 
‘matical etomiam while the ochee side of the dualam 
right have been accounted for maialy in terms of 
(purpose or use. Tia not i abe 
ee ree rode og 
largely to Hobbes. Goough the ae 
Y Sen cosmo Here wotontet rn 
ties hs Grcoin of te roleson othe hana 
fo natu made euch a strong bid fore connect 
teal, there wes po tation fr Bi return 
to teleology in hia poychological snalyain. He was not 
paychology is 











able to develop in terms of mathematical 

atoms, but he Sayed ne farther fren thin method than 
+ he described the mind as x comy 

cae ce puasases ewe ead 

‘vital organs by the clash of inrush- 








cecttin tA8t OF iad 
the total ‘compound. Joe Spy el 
dedline of the notion of God as 

for almost the whole 
of pycbobgy. Locks, ie oat rat porch 
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followed Hobbes’ method still more idy and in 
greater detail, with the result thxt after him cooly an 
‘Scowrocalidcalae veanared to rhe « pryehslogy 
arma, af difeat main sorumpticen’ Spovan 
though without influence till muuch Inter, is interesting: 
to cretion in contest ‘wits Hobe, His tuik 
iets wel are be feb a sie 
lining the 
Ieing ti ake ‘thought, to apply the cuthematical 
ee ctt? hte ae eat 
‘masse, a nwa of metienetiel mpbionion cater 
San afera tated cae Snow on 
t etledaaurspion for odere thought in pach 
IS denny prs ste ey pee ee 
‘where te 
Sauces ef coadved i tame of iio tasealy 








oly. 
(C) More's Notion of Extension a1 a Category of Spirit 


More, the Piatonist, Aecilced uso 
hy uta ae ony 


ad wat the mt mate 
enc thin ious 4 
he seme vetious i Ser sal 
eo ot peas pce ens ae 
eveloped by tha tie be took ove rey sige: 
‘any serious didiculty with 
(isy te gesert, due ecaation mde by 
the arial of meta ffm the object to the orgy 
dycitin aod crveyed by vat ef esata promace 
sive itn, and con ‘vitae of the soul's 
there, assisted by her immediate instrument the spirity, 
phe epg eie iene 
envatium, the i 
‘Sly aan Thaw plas he 


ci eapedi eet eneanaeien, an 
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sou! thers,’ *her immediate instrument the 
‘pitta, “the common sensor,” will need elucidation 
Hee reed et he at Bo eg 
(general atrycrare dary oc 
ing, though on rather” han 
Hobbesian lace ; the latter's damsel ofthe ‘soul’ 
st toerely 4 name for the unconceivable cause of vital 
‘motions More would not at all adaut. Por him it wan 
as real 3 rabotance 4 corporal mutter. But for the 
reat he ia quite octhodon. "The diversity there i of 
tea or Feces doc necmey we from the 
diego tn ep prr Soe 
boeing diversity of perception, it mast in . 
dliverty of modification of reaction ; and reaction 
hetng tothing but maton is muti, canst be 
seh vaitinh 6 ae compatible 16 
Ices may ch ema Sigur, pontare, 
haart ecb pest ere 
perception roust of neceaney arse from 
Fiescid ‘As regards the ultimate siracture of mati, 
tao, the common notions of the day were accepted 











‘uncritially, with the exception that there appear 

Cerin whol iinyncrciny suc at the coniston 
the toma, thoogh ertended, have 0 

Matter is composed atoms i 


etrableasregaran eachother, wet gure, thoogh 
Snended, Pere and by their ows ate 
{nest though movable by spirt."** The reason, euch 
tie, for this curious notin, i given a the preface 
to the Immeriakty ofthe Seal? thove indincarptible 
Pesta of rn be 0 Sgr al nite 
Ereatnes has no figure, so jentat ban none 
Sr ipe Coasts docties of te ommerason of 
the quantity of motion war Lkewiee accepted. God 


TEER ee 
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originally imprened the sue quantity of motion on 
falter ay exists int Dow. 

eit Mie was bs mle Uneseve bay te more Oe 
Hobbes, could conceive f possible that anything 
tritt without exes, "Se beng the very erence of 
‘whatsocver is, to beve parts of extension in some 
teswure ot orber- For,/ta take eway all exrosion, 
itoredue hing ony ta mathewabal point wich 
not ce pre segaion tm 
there balig no mollam botetar exeoded ex 
‘carsded; no moms thew Gove io betwlst extiy sd 
fnoc-entiy le ry teal meat 
ee 
owerery that lod More badly to refuse to join De 
‘cartes and Hobbes in assig extension ‘solely to 
mater a eect quality aad made him x 
protestant againat certain asaumpons of the new 














. For him, spirit too must be cxtended, 
though ia ather qualiles are widely diferent fom 
those of matter. Spirit is freely penetrable, and iteelf 


able to penetrate and inprt notion 0 ante 
hua power of craton ed insin ohish 
tmeans that ie can sccupy greater oc lon pace at wil. 
eThe chief sent of the tou, where she ferciver ali 
objects, where thc imagines, reasons, tod invent 
znd from’ whence she commands al the part of the 
trody, is chose pare: animal spina nthe fourth 
ventricle ofthe brain,” but he adie that itis not BY 
ny means confined there, ti able to apread through 
font the whole body on occanon, and even slightly 
Beyond che Finits of the body, ar « Kind of spintun! 
etl. he nto of hee erened ie 
ring powers of contnicton and. dition 
Riore to's curious doctrice of « fourth. dimension 
which he calle ence piide—as we eight put 1 
spent Sn ern ce 
FEEEE NB sane 
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piety “1 mean nothing eae 
isle bet ae or conmcnng of 
Mckee info se specs chen 2 coe soauties 
aly in he Fours reset space cop 

pally in pace occ 
prepay in only the eee oral “Sroensiony, but 
Bho ths fourth dhgension or aplastude, These are 
toa distmetions of degree in the fatter, however, it 
sn nc mor pce ies etal th ae. 

ro apprecics to the fall More's speculatioes wong tl 

lines la necenary co read bin of the te 
Daal Sr ads cee Wnetin cel 
tody, the smotoes of whose it can com 
fletly cootrel. Te adds and dininishes modon, 
Episod ipa ny, ute ety 


2 thn ot ete aed ginny do Mow 
rt that be can point to facts which are only 
spice! fe «iar By Beige 
ae ‘weites as the wum and subriance of his 
doctrine thas “ the the perme of he weld cant 
volved merely mechanically, but thar there is the 
tome gt reed even Sree 
tome gt reed even Sree 
eee os 





with philosophy to be due to "its pretence 
oF solv gb But the ‘casiest and siny 
fp Rein oon te muses of 


CAPA hare doe Wty ny Tan 
Sapte cnkien of and he'll 
ele eta ae ‘af 

Tekh Bs dnigy, tan wich 
feseanged vg pred hye pg ec 
tengo pte heed ath "9 ‘nny fr 
TE ce te ie enon of he 
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Crguns of our bodies, and Hkewise paren of the materia 
red arpond oT reed Gi ghd [the pineal 
Ih accordance wi inciple, an the seat ‘of the 
common sense, and'ax the frtem of the aul. 





be unworthy of 
in nature an in 





that is, it can unite, divide, scatter, 
small parts, order the forms set in ci 
thove which are disposed for it, or move them in any 
‘way whatever, srest their Greular motion, and do such 


SSS Sa St he 









nocensary to 

on Uphe cxiors, 

pol ag pre 
‘the marvellous 

matin, of coobering. iy 
and at the same te 


rojo ot 
Tippee reba Bat 
ce thee in na 


In thi guage More extends his reasoning from 
the conclusion of an incorporeal subsance is human 
Gringe fo the smmrion of = similar and. greater 
incorporeal substance im nature as & whole, for be was 
‘onivinoed that the facts of science showed aa to be 
‘30 more «simple machine than wa buman being. Tbe 
frie bad become ioe sbjeceratee ‘of he mont 
me ‘mort 
cane cet wdy fhe ine, wach the late 
cquve of tion, cobeion, magneton, 
the lke," Mcte notes tat tough the su 
‘phased d tw eosin oa mec 


pucsl of maec‘bed ot bean, mechanically reduced, 
Eich asthe phenomena of coherim and magnet 
My She oi cae pct 
togetben and yet whea once sanéered that chown 1 
1eSr War Whe auc of the carlos morons act up 

the hedttoe ? Flow, Sally, hy callonge to 
Shorea ot a catia wecktsial mee of en 
Ke porable to rexamcle the facts of grevitition with 
tb princple of motioned motion of reveled ithe 

coment 
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laws of motion exprested by Descartes and Hobbes ? 


ance the ecrie thtal ation fy pace, Mowe 


Di i eee dene ewwr ah 
‘to fy off at tangent, ora mest, 
lke Cartan rrcecs be ered rd contin 
Brahe cure dnvel mete athe seme dsaeee foc 
ae weld eves by mechani peacpey ED iva 
stright Tine towards the earth. "* So. that in all 
tary there an be oting ie cera wal 
teated than thatthe phencroston of gravity is 
oto wechinfed ee tod farthest 
Sed ceperel Wt tats aecmry oe oy de 
: ue ‘edit 
fertsin additonal cases which are immaterial and 
feorporea." "Sach canoes ‘More. ‘fadt in the 
toneaption of "apt of ature which olds the 
difertot pars ofthe matecal universe together la 
‘nitarysyetam which ie iatinely oot mechanical. 





D) The * Spent of Natare’ 






fea principle whic 


sive ‘ce expressed in the larger 
sal phenomers of ratue. In fact More 
aot aie the unienal sal of te won 
The iden wes quite common throughout the leter 
Middle Ages, being Peppa eget by ties, 
ists and 
ie Rarer, or eaunple we fxd esc pase, imoesing 
th eth, ended oth tal, shen conn pers 
ae shown in the planetary whirlings. More's main 
parpose, however, was to reinterpret this wagrant idea 
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vw tera which would give it bener standing in the 
Sepa coe mk of mes neon ew 
ice to views. In the preface to, 
Ivey te ba aad he calls the sprit of nature * the 

‘earious power of God upon the matter,’ that ie, the 
Enmeduee plntic agent of God through wich his wil 
ip Filled in the material world. Ie corresponds in 
‘ature a8 2 whole #9 the esimal spirits mupposed 10 
Elta, hrough woee agency Ce prone athe 
teal is aarti he vio 0 and Hinde. 
ta fonctions are vital, ee, and directive, but 
ies “oe More deGnes ie tore 
but, without 
the whole matter 








4 . 
in he partway won (oom ha tenet with 
genera] statements here), reining such 
Puenomene inthe word by directing the parts of te 
Iatter, and their motion, a8 cannot be resolved into 
mere mechanical powers.* He adds more specifc- 
ally atl in a mote that i pomseaves life, but not sense, 
ii iSger io guid sgt te longer Cooking 
in eager to ge chat by invoking 
su causes spisivoal substances he ix weakta~ 
ing the set for ence Se of natura 
" growing faith in the possiilit 
pearance goree fis ad 
‘pice of nature, be mys, into be 
TEE aspen sd wc in 
ce the arf sect andy of th Arm of thi 
isnot rapes "YT wih 
Bosereee tt attng ur sense but such 
eee ator a ade by diene 
oc, batt dest 
Fon tie fr it Ga | Go ba soc'ma end poe 
pam Sak PTD Pa 
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mechanics) motion that causes all chese sensible 
modifications in meter, but thet many tines the 
tnmedion decor heel Wh so of ses, 
‘one and the same everywhere, and acting ahoay! 
2 jegnon in thn toa sake ot 
jndgment, ‘ome erdict su the satee 
renmuaeren" © tsa cael fn cia rerpec that More 
withes 10 distinguish his conception from chat of 
the ancient and medieval anime mundi (an interest 
which itvelf reveals the widespread influence of the 
emact ideal of the new science), and hopes thereby to 
obviate the objection of those who, like Descartes, 
pored the injection of wach « principle into xtural 
Flllonopty while it aemed sil pouble that al he 





jenomena might be explained on « purely mechanical 
ia. In effect, his position is that mechanical causes 
produce types of motion that are not exhaustive of all 
‘motion—they produce only the kind of motion that 





mechanical they must be spiritual (eg, the Cartesian 
duslist), and something akin to the spirit of nature 
offers itself as the most suitable ry entity. 
‘More thus suma up bis fundamental conclusions on 
Chi ube: 1 ave fom mechtnicl pine, 
‘on ll sides, thd confirmed by ee, 
eae tac the decent = afemneora ule 

oF any such like 8 enarmousty con 
fs de lows of mecha ye thar according tothe, 
they would if they lie loose, recede from the 
arth and be caved em. of oor sight ints the 

farthest tr, if some power more tt 
toecbanial did not curb that motion, sod fore them 
downwards towards the exrth,... Nor. . needs the 


taney ee ak uC a 
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ackeowlclgnent of this principle to dazopen out 
endeavours in the search of the Inechanial cones of 
the phenoenens of ature, but rather take us more 
Cdretunpect to dienguish what i the reolt of the 
snare mechanical "powers of ati and motion, and 
wrist of « higher principle. Fer questonkss this 
Zour prerampeion In some, that there la nothing but 
matter in the woeld, has emboldened them oo 7h 
‘Seto can leon ware ey oo 
novhola."™ 

‘But fall, oe More tia ing onder and 
harmony in the world fae? lnplis the Scstenot of 
incorporedl sobetsace of » yee Higher order tone the 
bc ca aah armenia pol 

ive, aupeemely ence a 
Ee have Uncovered oct of the sixple phenemence 
of mation [ay is ultimate caune] the nedonity of the 
caxitance of some i Tcmeace dining from 
the matter, Tut there further anrance of this 
{ruth fom the consideration ofthe order and admirable 
‘fect of thio motion in the world. Suppove rotter 
‘could move sly, could mare rst, with bal sotion, 
fount to that admirable wise contfrance of thingy 
tbich we ee i the word? Can a blind tnpetun peo 
Tce such efecty with that accuracy and conetaney, 
{Bat the more, wiee a auta in, the fore be wil be 
iat at no dos can 2 ae ag, a 
Anything in the works of nature, whereby they may be 

Serol How can that theciore whch hae nk 
mucha sese, aie tothe effec of the highest reson 
or inelea "More is coovinced by such teleo- 
Jogiel proofs chac there etna a supretely wie crear 
and goveraor of the universe, whose agent and nub 
rings modium in che execution of hs purposts i 
this lower incorporeal being, the apt of mitre. 
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(E) Space asthe Divine Preteore 
Now since every thing ral is stended, God ton, 
for More, mist Ge an | To deny 
Ses Saal weall bo tes 2 ee 
til point pould reed Rim out ofthe uniere 
tltogether. More's devoat intrest, coy 
be pepe etnedy geleriphen ge] 
the iy fel eS etal Ge ot og 
to save x proper place for God in the ncw metaphyvical 
teominology of the tases wan to declare boidly for the 
‘extension throughout all spaco and all time. 
‘This was one of the significant points at ine berween 
More and Descartes. In his hat letter to the letter 
‘More deciared : You define matter ar body in too 
‘broad x fashion, for it seems that not only God, but 
ven the angels, and everything which exist by ise, 
in an extended ‘being : whence extension appears 10 
Possess no narrower limits then the absolute essence 
SP things, though can aeverthele be dweaiid 
in ecoutdance wich the variety of the mame eneences 
Now the rece which makes we belies that Ga is 
‘ered in his fisioe, ie that be is omnipresent, and 
fills intimately the whole universe and rach of it 
parts ; for how could he communicate motion to 
fatter, an he has done betimes, and as he is actually 
doing according to you, if he did cot have immediate 
‘contact with matter... God is therefore extended and 
expanded after bis fashion; whence God is an 
‘extended being.”™ Descartes’ zeply™ to. this con~ 
on was that God ia indeed extended in peer, that 
jhe is able to move roatter at any point, but that this 
was essentially different from the exact geometrical 
extension attributable to matter. More, however, 
Ea ohh mn scoompsed wi tee Scuy of bag 
‘which ‘with the 
touched and . 
ou tt hs Sarthe cle wah Got, 


ose 
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sand with the soul, which are devoid of mater ; but I 
tanta tnt thee is in angel, and in pul, jt nt 
truc an extention, howceer litle acknowledged by the 
run of the schooia"*" Hence in the case of the vase 
‘mnptied of air, an iltustration used by Descartes, who 
suserted tha 

‘vase of elt its sides would fall into mutual contact, 
‘More was prepared stoutly to maintain that this was no 
secenssry conclusion—the divine extension might fll 
the vase and hold its sides apare?, At dhe same time 
Mare, no more than Descartes or Hobbes, seriotuly 
entertained the idea of « vacuum io nature. Matter 
ia doubrew infinite, brane “the divine esting 
‘activity, never idle at any point, has crested matter in 
All, places, without leaving the least minute apace 
oid 


‘The suggestion of the vase, however, fillod with 
Proes, bar he divine extension, — to Mes) 
interesting and important conception of space and ite 
Felton the divine being. or Dare oa ted 
‘matter were the same & material 4 being 
‘nothing but # limited portion of extension. Hobbes, 
in hin seruggles with the doctcine of primary and 
‘secondary qualities, had been lod to distinguish 
‘space and extension. You can suppose all 
Dodies of marter anrihilated, but you cannot succeed 
in thinking sway spuce. ‘Therefore space is a phan 
tae, an imaginary thing of the mind, while exten 
ial so essential quality a ieee which exist 
‘courts, quite independently of those. motions in 
rumen ‘brains which’ make op the mind. More 
ees with Hobbes that matter can be thought ama 
‘without thereby space being suecenfally ellein 
othe dines an entirely diferent concutin rom tht 
s, IF apace cannot be thought away, ie murt be 3 
real crstnce Gnderiing all extended eabatanes in the 
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universe, aod 4 Tse of momt remarkable 
ping capes A irateshimyingr ge 
it je thoroughly distinct from this Timidless immobile 
substratum ‘oc space ‘which ite varied move- 
ments become measurable, More. attacked “Det- 
ace! doctrne of he rela ey of mtn, holding thet 


fan absolute, et ‘anchan 

Peorgend yen ad vacuity” Oriee 

wise, he po tglng peng rel 
Seton Take, iat crample,tve bodes ABT ED, 


@ o 
AB] M n [aE 
EF EF 
in the position M, and let them change their relations 
to as 06 appear a2 at N. | Now, these AB has moved 
‘to the right in relation to EF, and to the left in relation. 



























































ecpeiscase ll ta inca cat ta tk 
‘contradiction reaults only because the point of reference 
inte edi lage bt wt Hare won 
to maintain is realy something deeper, namely thet 
"measurabiliey of pp 


the fact and the ‘ply the 


of aa infinite geometrion system a8 & real 
eivent background of the world of neture, in terms 
of which the measurement is made. What sennible 
body wo take to be at rest in this rystem as the centre 
of eur coordinate 
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‘4 most marvelions being. It must be « real existence, 
Incas ti intel xtc, yt being abvaltely 
nuiahed from matter, it bes mo corporeal charuc- 
en Tntever except estesoe Thais 
sc 0 it must be genuine 
‘Sheunel"and So Mart sebecy hutoor deo 
fecmer meee and wove cated ‘o'bir minds He 
lists 90 fewer than eweaty attributes which 
applied both to God and to apace : each ie “one, 
serie er soz pete, adept, ce 
ing by inl eabng Croup incorrupt 


uncitcumacribed, 

















Siisituty, i terms of the 
Saher he ie Pace Rare ies Arey af 
‘Arimotelanians” “Oc the cootioeat this el 
ccmelliy of the new order Sound Hs grest changplon 
in Maltbranche, to whom space became pracacally 
God hie 

"More di, ot 





as far as this, In the 
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immensity or omni of the divine essence ; 
the vor, thar Hi ply the pasty of mates 
distance being no real or physical property, but mezel 
fhe negation ‘of tacuial noo, ets? and the tind, 
tcp 2g er an Gal NI a 
Important work, te Eecunies Sacphyorem, pal 
Sabed in ce7r, Mace w ‘elf us hee nal 
choice etme thee pl Ths secon, 

of apace ua porentaty, he mest wt dein 
Xnusicery, Ba he does bot quite veature to ny 
that is itself God without considerable quali 
tion oer the fe poston, Me exprenes 
Chabon thus T have cary ahows that hi inde 
‘extention, which commonly is held to be mere apace, 
‘is in truth a certain substance, and that it is incorporeal 
(ot & spirit... . This immense. leces snternat or epace 
ceally distinct from matter, which we concerre in our 
understanding, is « certain rather rude Gwoypag = + 
4 certain rather coafused and vague representation of 
the divine easence or easential preacnce, in 40 fer as it 
19 distinguished from his life and activities. For none 
‘of there attributes which we have been recountir 
twenty listed above) appear to concern the 
life and activity, but simply bis bare essence and 

‘Bleewhere he’ presents the same 
ough in x women ee warship ood 
“That spiritual object, which we call space, is only » 
shadow, which represents for ws, wm the weak 
he our intellect eve acd univer) tare 
the cootinuows Grine precy tl we are able to 
ceive it directly with open eyes and st a nearer 
istance.”** Jn other words apace is God so far as 
he io cmaiprsent merely, abaratng fom the ober 


































charactrietcs which concern bis lle and ‘power: 
Bor ity spinal character i» something earl, 
Space 8 roechanical world alone would 


re 
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inevitably fy into pieces, by the unbampered operation 
Fae ne of toloe, “AD coueuty in tne haere 
‘w~thia immobile, incorporeal space ax well x3 thove 
Mogi pre ees re 
bal in one system pg 


Fusdamenslly 
of is God's beni 
maa aneeeeces Tod ndernal ofthe 


Cambridge thinkers, did not venture ta adapt More's 
Seid bs af te spc of Ged eae on 


Si airgap 
take fr toon doctrine af the 
en aire fe rrr 
tion of primary ies 9 ° 
Shuerving th the real Gea dao a espn Bee 
sod lf sof mag ‘motions, 
2 Hike, but how to account for souls and minde a 
Feat ef he mecatic pesply tpuld ery 
“4 Seve 
Ts che adios af emrperal baoge, pect 
one prone epi Dey» Cobar ings fo 
reson ‘saurance™, Fost, 
Thiel hyp sliying nothing io tea) bet 
Crrension tod ic modes," cannot possibly cake life 


F---.-apoy ore ar eae 


‘TE Ron a maane 





‘tente ts not the <puripse of truth concern 
in themacives ... . from whence it plainly 
Aho he thee sch wee to-senee, 
which judges oft, detects its and condemnk 
itv impooture, and determines what realy is and isnot, 
in bodies without us, which mast moods be » bi 





ic @ be ‘At the same time, the 
taechanica) philovophy does offer en adequate and 
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those en of frm and oan tobe il he care 
‘the 
cio tha chinkiog in gener canformisy 
vib Ds bains of Oe Cachan dns ad 
for hit, we for every one cise in the century with the 
pele exegion of Hoty all lamas difctin, 
Raph oF epinemolgicl, are cevalved by the 





( Barrera's Pheisophy of Method, Space, and Trmt 


sane Barrow (1630-77), Newton's intimate friend, 
teacher, and Wyererd ‘in the Lucesisa chair of 





Beier! metal ess and pee Sic eve 
‘tleerced gocogly the mespiyaal tntiag ct 
imffuenced zon thinking 
Rowton. Hence seme wo conde bs 
importance mm the ‘Newton was 2 
student, at Cambridge durng the entire petiod of 
Harrow’ mathemancai interest, and it ss known that 
hhe attended the laters lectures. After 1664 theit 
rvendahyp became quite mtimate, and in 1669 Newton, 
feyled And eed Berow's geometrical lecture, 
adding the last lecture hiroself, with perhaps parts of 
ihe than Jc budly pone, hovers, it the 
Alscuaron of ume ex winch we are pric 
treated shoud have Geen te. week of Hee, 
nusmach = it coven pecially the ence af 
lecture, and bad Newton been the author we should 
certainly bave record of the fact 

Barrows views on mathematical method and on 
space appear most lym hin Lechones 
marhemencar, delivered in the years 1664~6. With 
regard to the former be comes as near a8 any philoso- 
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of the century to. clear perception and statcanent 
Whoa siete mthed of Oe vies masiecatal 
icin was, but bia failure to nee all the way through, 
‘ propoundadoberent end consistent programme, 
fer the a aes exquiery of mathemati 
sit ry yet i nose tactalizing, 
2 few prelitinary rerarke ow the hi a 
smathepatica, Burrow sbacrvea thatthe abject 
ence renin Whed uy be comers iter to 
ita pure form, an in geometry and arithmetic, ar in its 





pare and absolute form, as ia 
Considered as the distance betwece the cxntres of two 
edi ox atthe pth ofthe cvte of = ody, sn 
astronomy, optes, or mechanics, ‘The geometer 
‘Simply abstracte magnioude in general as bis object, 
jst anyother cenit barat that which appey 
to be the easenti nature of whatever portion of 
phenomena he is ‘The attempt 20 speak of 
{the matheresticinn a8 swith an idea! or inteligi- 
ble realm 2s opposed to the realm of sensible objects 
Bb ciataken + it the serable rein, ao far tes 
‘0 far an it reveals quantitative 
‘object of all science. Thus 
8, $0 fur as it ina science, is wholly mathematical, 
‘a of weathematics’is applied in physics, 
ene re may sy that the fo eieces are eeten- 
sive aid. equal astronomy, nce its 
‘paul prcles are lad down, alle ruocing 
parely geometrical. Infect, Bartow sopard 
‘as distetly the type science in matheniatics 
bb predecessors) § shout fw 
but'a kuad of logic used in it, while arithmetic in 
fncluded in geometry, numbers oaly powcning, 
‘mathematical significance when the units of which they 
Ly epee tnd tae Ree 2 a 
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2 is ‘the time employed by a traveller 
orashi ‘of such mersurement 
sh ible, mathe 





matical measurement ix the simplest and casiest 
anne of suc determination, becabe 1 mearures in 
terms of x defnite unit which is homogencous with the 
thing measured, and thos gives the resulting moarure 
an exact numerics forms. Hence that is aid to be 
Known in a. peculiar seme which iz expressed 
numerical relation t0 some de6nite, known quantity 
which we thus take as 2 unit. Till quantities are 
reduced to such numerical expressions they are judged 
Snkown,inemuc a immediate judgments of nse 
about its world lack the clearaess of number, they 
Cannot be conceived 20 easly by the mind, nor held +0 
well in the memory because of therr fickle, changeable 
Shara and only, by marbery can the quunctis of 
all things be reduced to x few familiat and commonly 
adopted measures. 

Phe only omission in this discussion is definite 
direction how (© ditentangle among those charactez- 
istics ofan object thet have been hitherto unredced to 
mathematics, 4 unit in terma of which they can be 
namwencally expreseed.  Pethaps we should not blame 
Barrow too heavily for this failure, however, sunce for 
that science bas still to wait. 

Bacrow's_ religious interest appears above im hia 
postulate of the constancy of nature ; he goca on to 
Affirm that all demonstration presupposes the existence 
of God “1 ay that all desonaationsesumes the 
‘uth of hypotheses [postolater, we should say] ; the 
truth ofa hypochens atribues to the thing which 
assumed a pontble existence ; this possiblity involves 
‘tz eficieat cause of the thing (otherwise it would be 
impossible foc it ta exist) ; the efficient cause of all 
thingn ia God.” This religious reference appears 


meme me Bennet Rao p amt Same yt 
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more strongly, however, in his discussion of space and 
me. 


‘One of the important attributes of geometrical 
ageledes i thas they comupy space What 


spree ? It's impious, Barrow oprce 
rie ea sires Independent of Got Meow 0 
‘pete wily cue noni 
Bus, if we discover the proper relation 
etboen apace and Gad, we tan tatu acibe 
teal existence to the former. God can create worlds 
‘beyond this world, bence God must extend 








foe Oe re tga cies 
Ee pita nd et ator et 
a pe 


‘abuct be described a anything actully existing” ¢ 








ice nothing doe than pare single potency, mers 
‘capacity, porsbility, or . . . snterponubility of some 
"Rize ie an intering combinason of ides shout 


ayace with which Mere fe playing a the ae ie § 
Ee inet a beh en eve rene Cae 
tis Hay chee te king of cach wns i 
Berar egg cg bghegeigen 
intereted m fing however, whereas Brow, having 
ome to conceive ats gence 
feed by onan and Setog salou engaged fe the 
sttompt to covstruct « geometrical calculus on the 
basis of this conception, was just as much sntereated 
in time 23 in apace. And in his views on time, which, 
in the Lecnoner semanas, protably 
rien tree weve daca on chad 
Treg he appears in 4 tomewhet fore orga 
Maher note one fe nesing faa te 
Specially io quantitative character, Barrow 
uere es tine before the tric of the 
‘workd, and whether it Bows now beyond the limits of 
Gre world, where bothing persats™ His anew 
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* Jantar aot nie eh ened td ta tt 
lean otcia gam peed Oe mal (rch wich God oes "oe 
(dea cn red med ter oh the ot (pte hep te oh) 
ee an Aad pen es fhe Woe om, ee eae ae 
(eet emi ieee (Co ed haga preety 
lag omy ee beyed he wal abe ook permease Taos, 
(oncom hen tot tenes ts el cue empl» py 
(pathy of prenatal a a 
Fiarenng mopeds Bet dr ane st ply mene Ree a, 
Toepy, rt ln ebeiaty sree serve mame a tare thas 
ar te enna ot Spas sm mien omy, wher tha 
(sf ean ll whet we hep or eu tae ows fs vn em 
Tg tent bn roan fi row tebe athang would 
‘Sete lot pe taey ng wend tat wll Spe eden ms Sat 
‘aotnaed i ow of Sk women” Bay het, these ne a ar 





Crem prafd | Set Dorp lhe wagennde re guste Abn: 
yet rine em Jan rr 
(qanttin enpt by e sppanvon of meme ¢ Than In Pal 
i ean eS ae cr npn 
io ec ert a mena ch we ge won 
(qed tnd sop esd ch ir, td ne me erm, 
‘herbi pin uu, ns hs ha! remade 196 








eis en appa othe acon fo ap bow sich oe Ms 
atamaa he fr as 3 bot ny Sedna 
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melee When te deter nt st sch eh a he ae 
ie hae 0 few cenarm be pesos of motes, ep emvaaty as 
(Siulingabn sod emer on age deen” 


ely cf te ma and cn, peel scared 
os an and moon, ae coe 
Sis Parpore nod then es op toe gutters Eom, 
if the mouurement of time be thus dependent on 
oto Se ay Hel bee defn he meme cf 
sation. 


‘et how, ty yo, do we noe thar the we cera by a8 oad 
menan sod tha es dy foc eaple srone you weecy quate eter, 
(Sef eqeal darion? mpiy cat rm er oy a ashe 
(rpg wharnay be getca fom he doe wromeey) tas Wy ome 
Jing Se ti ef ea ithe meee Coaly 
Tamecca ors apa readal hepered ips rh 
(a pte of any terrane swewoens Wich w coomrvewd we 
fir snonprhee atte syeiansteeterienahyry 


‘San urges wie on chee wr by ray sad 
Srapeinse sony waxed weap ergy we et 
TaeD Nees e abet wedy og ear pd 

cniee qm nye Ara Gn memncng a 
polsirertemeet 

[Barrow dds tha there is no way at all f comparing, 
the pra of the coma eran now wit howe 
any centuries ago, hence iti» ot pombe to deciate 
fer cern that te ally 








fethusaleh was really longer lived. 
than a modern who failed of his hundredth year. 
Hie then answers the opeciéc problem of the ulimats 
relation of time and motion, as had bis predecessors 


the ultimate relation of space and extension. 
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sty wn gtd, sd bar tow mock 5 fae pg er 
(Sngrae agai yee me mos Soe on oe et 
(ed thwart pole seams by Ry whch = nly sage 
este campus uote moet oh sk by i mone of fot 
1) 2S mene of gem ev mma aan of emg oe 
(later Foriyeeercnsnanieoiown be geanynalcely 
‘Ered of wher pore corpo ape aro gee 
t,o properoesaly tr pr x ce med yo gene 
Sleeper 
pos cf wane magni) pc 
(Prpin, veh wn aig onc eben wish tn ae the 
St ee 
‘Thin lengthy dinquisition hax been 

catia tockn! trons oetaly 
logical step in the development of 3 phil 
‘time comparable to tat of wpace common in 
atthe tsne of More and Barrow, and iz clearly leads up 
(othe conception of time advanced in Newton. In the 
cas of bth pac and ine Reon ait vl 





















sisaiirs esa is 
clearer and more definite tion of the meaning 
Seen mentee eee 
dissppeary from sight. ae # not metaphysially 
independent entity, Barrow never forgot that there 
‘was an infinite and everliving God, whose existence 
‘beyond the world involved space, and whose continued 
ie Oe ern ong nme td 
ie Oe ern oe eae 
unchan, vine mature that = pt ine 
possessed that clarity and fixity which made 
Be compare with exactness by their aid sensible wag. 
Bray cok cng Se oe 
notes the pecially religious reference it is implicitly 
present ; apeak of time as “ flowing in its even 
tenor," et "independent of motion as far as its 
So mecceear es 
sel ad us een 
measure,” and he like. | We Cpoentip es 
ee ae 
Rae clan aren 
ircketh ferro a 
Galileo's mathematical Fis oe mosoe had threat 
‘upon the attention of the ically-minded two 
wpe cin opm re 
pesky apr che onward march of the times used 
az basic categories in ‘of the old scholastic 
substances, essences, and the lke. Space and time 
acquired now meanings, and became of central import- 
‘ance in men's thinking. What should be done with 
them philosophically ? Descartes, bold metaphyvician 
that he was, had an answer ready at space 
he seized upon it xs the very substance of the material 
Mtoe eng Germans a 
seem coma deg eo 
eee les ea beta eae @emeee 


Seated the eligi of chin summary desl, 
Sod commpudto beng ae cmcop ef Gad op 6 
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date so that epace would no lange: appear independent 
of te diy | Ubewifllowing Hbbe, they made a 
mort fundamental distinction becween space and 
matter. It took somewhat longer, however, for a 
philosophy of tame to develop. —Descartca bd been 
tunable to do it, party because time was obviously « 
taode of thinking substance an well as of rer extense, 
but mre betwee cose matin at «mathe. 
matical conception in led to appre- 
tiate Galileo's ideal of its detailed quantitative formu 
Ion, When men grduly atiemptct bowers, 
to make more precise the notions and f 

force, acceleration, momenta, velocity, ete, it waa 
‘natural that they found chemselves compelled to 2x 
femct statement of what they meant by time. As 
they grew more confidect on this point, time cane 
gradually to seem a9 marural and’ selfjusti 








stage 

development of a philosophy of time we reach first 
distinctly in Barrow. "jut as had ceased to 
ay ‘accidental to objecta and tive to magnitudes, 

became 2 vast, infinite eubstance esisting in it 
‘own right (except for its relation to God) so time 
‘eased to be regarded merely as the meanure of motion, 
and became 4 mysterious something ultimetely of 
‘religions sigaitcance, but quite independent of mation, 
in fact measured now by i, owing on from eveclasing 
to eveslating in its even mathematical course, From 
being 2 realfo of scbmtacees > qualtatie sod teleo- 
logical relations the woeld of mature bad. definitely 
became area of bodies moving mechanically in space 
and time, 


CHAPTER Vi 
onget ayn rovr 


Hopons’ classic works bad appeared in the fortis and 
‘ile of the seveatoench century ; Newton's Principia 
Ys fiaed in 1667," During the intervening 
tion English thought was 0 1 considerable 
catent by the writings of men like Mare, Cudworth, 
and Bazrow, but more powerfully moved by the 
discoveriea and publications of the great. physicin 
‘and chemist Robert Boyle. Newton's thinking on 
uldmate problems bears as obvious marka of his fucid 
Sige inde. ar Boye aoogh, 
Far Boyle, 
‘not commonly as such, was 4 thinker of 
-enuine philosophical calibre. 

‘But before we attempt a presentation of the funda- 
mentale of Boyle's yt will be Belpful to 
bring together a few thread which should now be 
‘united in our minds us we pass on to Newton via the 
‘eaphyticno the Ser of modern atomic cheanstry, 

foc 











‘conception of a ' spirit of nature,’ an active, 









apt to be puzaling to modem 
in emence the sotion i simple aed 

joite understandable part in the newly- 
of science. _ Its coonerions with 
the ‘soul of the world” and its 
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Serna ape cttw as cree spl 
rat this spirit of mature is an in E 
Segal “Site meee Ste 
purpose, ‘pounced upon it to explkin mi 
jepomene as and which socmed 
Oia afin itso mematonl iow 
nature, Bople, t00, is convinced that clear thinkir 
must admit soracthing of the sort, and itis of cent 
importance in Newton. We need x somewhat larger 
‘background far this conception, 


(A) The Now-Mathematcal Siete Corrnt 

Back i the days of Kepler and Gallo, besides the 
zac mathemati seoveoent in sence, vo powertly 
Sivanced by ther achievements and beoging in Ht 
{Pein the remarkable mesphyscl revohton which 
Bi wecmed to iplyy there was soother. eciontiic 
eustent under way, Bowing by slower and more tent 
fe atepe, but nose de ley sentc fa stevens aed 
Fuicfulne, [es method was, wholy empire end 
xpetimena sather than sathemasa abd it was 
Prloariy'm connexion with this other current Chat 
empes wo give science «corres metaphysical ground 
srork onde quite patve and define “ppea to this 
"prt of mata; of a ieee wore commonly called, 
“Chere spit? 

‘William Gilbert, the Gite of sientic magnctinn, 
sige ane aor te Larne ond toe 
oder appeared in the yowr 1600, ems coe 
furnaces of ths noo-mathetsatialsclentibe curren. 
We ahal not pause for a study of che deta of his 
puna Sen iphone 

emo of magnet, thet the earth fr Gndtnen- 
Faly'a huge magnet’, i of interest and inportance 
(Gir eotcooes rho fmcir a tas eh wep 
of a honagencoor ougnetc eabetance; the ex's 
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cherion and likewise ite diurnal revolution about ite 
pole Being than "accounend fr, ‘since 
tone, Hoated in. wate, moves crcslatly op. ite 
centre to become conformed to the earth on the plane 
of she equator ”* | Moreorm as all but te very 
surhice is of & homogeneous str 
ibe geometrial centre of the earth's ago the Cente 
of ity magnetc movements. Gilbert was one of the 


earliest champions in the Copernican 
therm rps he Gare tevin of oe ct ¢ 
bbe did not accept the more radical position that the 
cath alsa revolves around the sun, though bolding that 
the later isthe frat move: an incie of the planetary 
svotions. rit is to Gilbert's experusents on 
etiam that we owe the frst beginnings of the use 
sd conception ofthe word" mtes we finda later 
matured in. Newton. to Gilbert, the 
ftrength and reach of « loadetones zmagnetins vince 
ken purty Sed bees gecied mie. Galo 
Uniform purity an A ‘mine. 
and Kepler borrowed the notion of mass from Gilbert 
in this sease and connexion. 

Now Gilbert, like the other fathers of modern 
scence wis uot contzat spl to note wd formulate 
the results of hie experiments ; he sought ultimate 
explanations of the pheaomena. | How can  loadstone 
tract a pioce of iron that is scpursted from it in 
space ? His answer in easexce was one which bad been 
current in ancient times ; magnenam it interpreted 
animistically. Magnetic force is something * animate,” 
it “imitates a soul,” nay, it" surpasiet the human 
‘oul while united to an organic body,” becavse though 
the later  usee reason, sees many things, investigates 
‘many more ; but however well equipped, st gets light 
and the begiznings of knowledge from the outer senses, 
as from beyond a barrier—hence the very many igno- 
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vances and foolihnesses whereby our judgments and 
tur Hfcactions are confused, 10 that Aw or none a 
rightly and duly order their acs." But the magnet 
sends forth its energy “ ick, definite, 











Piet arty cao ager Be 
ms ‘ince i in 2 
tou which eoncather than es tnpeesoforce’ As 
Globe, vary snd ty lorie erty fo, we held 
stars, we 
eeirthom the hegiaoieg their own destinste souls 
(gorarned tod fron thest cha to have tha kag 


reganic acton lackiag, whether implanted in 
Seopa tn oc eicced ouuge ts 
body, slit thse organs ave not made up of vitery 
Jorgans ae, nor consiat of definite members." 
of cig magaes soul to acta x dire, 
oe specially ieeete Ger, be 


of 
Sfpreermation, “Nor sre the organs required for 





mee ee a an and draw 
pp rege ea ee 
"age ned Oo ‘and spiritual 50 as 10 enter the 
iron” ina ‘er vapour which awakens 
iia pe be 
thus apparent ees 

PE eget opted 
fines anetendad or Dbeakelyboeemateral ia 
he Cartesian sents but only that iis extremely tha 
mecca une mate nbn 
netrable and x moeive 

me pore, Te reas? 
‘va ca iit od the eroding 

atone of ate of he tops Bchoed es = Ss 
rotation ethereal a 
there i wold apace, ic whith the suns and planes, 


CE REM WANT Sam ne 
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‘meeting ve resiatance, move by their own magnetic 
force. In hia posthumous work, De mandy ssiire 
tabloneri Phibstophia Neve, Gilbert discusses the 
‘elation between the earth and the moon in magaetic 
terms, the earth exercning the greater effect of the 
‘two because of its greater mass, but be is unable to 
Baas Ss che eth whch event no Seo 


fal § 
Wiles or p incoverer of the circulation of the 
Stood, i ai insets 0, epic, 
‘eocception. tm to explria 
toe pe cs of ar on 


the heart and blood of liviog creatures 
rat isucnced by Harrys arog one 
i * _ 
to the ether thowe qualider’ which ‘express 





the cue for the further harmonious development of the 
theory of ap ethereal medium and the rosthematico- 
merical interpretation ofthe aniveve. | Secondly 
qua sof hinge hd ber ibd he ra of 
now ove quaives which went beyond pure 
[omy bot whoas effects in motion Galles had been 
fyaucag, w athena! frmcin or Gite snd 
Harvey sensi , 
yd erte pe her ened 
jm, which was regarded by mont x 
eee -” In it and by its determinate 
ible and tangible bodies moved, It was 
thia distinction between solid bodies aad the ether 
Gat More at once seized upon. Descartes! doctrine 
pee Os man 
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of the: ie of si i smotion to account 
Sictceiretemncsinos 
fan unjistided sueumpton. The ‘medi 
‘whatever may be suid about tangible bodice, was not © 
per Oped ene 
lissipate, motion. lities 
Freer y ame i ree mean 
comand rhe coer 
meas of the divine wal, bullion the fresno she 
win cohesion, 
eee te memes of hi ae 
sien Rly, Amen toe cee 
scientific law. All this complex of ideas was shared 
by Boyle, and passed from Me and Boyle to Newton, 
in whose philosophy it played a distinctive part. 


(B) Bayles Importance as Scientist and Philsepher 


Robert Boyle exemplifies in mort interesting fashion 
si the tang ineleral caseaes oh aah 

sobcyuce in fe ishing tad the cmprmern 

someplace in the cong nwa 
harmonized with coortdersbte mec arvund the ft 
af bi emo moat dominant enthusass, eprint 
science and religion. nes philosophy as 
eieiy Pemba 
which the natural reason of man, freed from pre- 














judices and partiality, and assisted by learoia 
fttanton, exercise, experiments, et, can manifeny 
make out, o by uence deduce frot 
clear and’ certain principles.” His conception of 


the leading note of the scientife corrent of which he 
formed a part appears at the end of an attack on the 


highly dogmatic and sical character of the 
loll phloeopty. Dr grat Verda a 
tempted with more skill and industry (2nd not without 


eTDE ON Ae ete  e an  a 


IMPORTANCE OF BOYLE, 16r 


toch wef pactoe by the unde of ly fos 
my ‘aceat, of inquiry ito 

edis witous aang to nabs rion, 
Iie the requet i formerly bad ehesein the ada 


able ind ‘of twa of our London cians, Gilbert 
ir a tote fins Aad 
need not that since hum Descartes, 

and otc Raving taken ia the application 

‘metrical theorems for the le af pt 
problems ; he and they, and. 


Fileeophy, have broogee the experimocta wd rathe- 
‘atical way of inquiry into nature, into at last as high 
and growing an esteem, as it ever when it 


teas ot in vogue among the naturals that preceded 
Beinotie™ Boyle ‘ogety metone wi Bie 
te poten ot be Gad net epoch ree chee 
terioualy "that T might not be wich any 
theory or pencpleny sll T hat epene some time 
trying, wha things themselves would incine me to 
Cnt ot ney fiat be Sa bea exe 
ir writings carchlly he realizes ‘hac Ais casaya 
Iight have bea enriched aed. some things beter 
aplsioed nd be read thom before. As for Bacon, 
ree fied a aall pop of nnn 
liged. to ted porpeer—an 
Embtyo Salwar’ bause-vand be always hares thine 
‘many features of the chancelor'’s philosophy which 
‘were in harmony with the ether significant develop 
Ten ofthe ine” Je parce e cari foreerd 
the interest in practical control of nature. dough 
Ienowledge of causes, which had been rach « prominent 
fg Bao be mpd ded or denty 
related to the empirical method. 
Sn Kg Soc fn te seo 
an, pincipla are kelp to give you. ctoxt 
satintacton' if your aim ia comzol af nature in the 
men steht we 
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interest of particular ends, you can often discover the 

eoessary relations Soci Sees bpespecnd 
without 1 the nop in the scien 

Tlnuers.” Ganendtt rowel of Epon strat 

seemed (o Boyle especially icmportant, although he 





exintence of God. As for the laws of motion, they 
to him clearly evident oesther to experience not 
to reason’, In particular, the doctrine of the 
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le ee 
of ects Bom eke ea without careful 

ee ‘Tho clement of 
Sinner ea he edo ney ope 
und a most powerful champion in Boyle, Besides 
‘these afiations wath the recent past, Boyle carried on 
fp enormous correspondence with various prominent 


‘contems ‘scientists and ‘including 
fcke Newkocs Mare, Hable Sydentem, Hooke 


‘oechasions. 
‘How, specifically, did he conceive hie own function 
in this sdvaacing movemest ? “Since the mechanical 


i ‘behalf 
howe that have quitted the unsatis 

tf toe shoe the grees mune are ened 
‘ther doctrit oe ‘these overdo 1 say, 1 hoped I 
might at ke iy vervice: S 
oe eats rai 
ing tat oe me Thay beat leat 
fy clined Tibet having eure te 

pieble form road ie far er 

‘Sonam ts tomichna ethene cara] prince. 
In other words, Boyle noces that the new serumptions 
lacked ar yet extensive experimental verificaioe, 
ted tat in Prtiue he pebecrentes of 

A nt be ey oe aay 
maphly tele opted tobe ciate 
consiruces were he highly euler substaost sl, 

smatee 
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talphor, and mercury. had not moved 
forward wich aszonomy and 
is caper to sce it raised to their exact level by trying 
‘whether the pri pls of ein say not be tc 
Filly applied in tha other Seld,  Asttonctocr and 
erogrphce, have biker. prsntad us aha « 
‘mathematical hypothesis of the universe than 4 
ical, having been careful to ahow vs the magni 
Pee aES, cod motions of te gromt ai 
lout beng ictow te "deca hat aple 
ice and what compounded onen, the tecea 
lobe me nbubic does or may comin of." Te ip 
this chemical analysis of things right before our eyes 
that Bogle ia eager to further, and the method he 
champions, following. Gilber?s more. than 
acon's theory, i that of analysis of vensible 
facts, confiemed by exact cxperiment. The 1 
philosophy, he observes is built upon two foundat 
ean and experience, of which the latter has only 
fesaty cone te ora De iis ely 
tubardinate reason to expesence ? Not at 
anawers. “ Those that 
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ve of the 





(C) Aeceptance and Defence of tha Methasical Word View 

le was not hismeelf 2 profourd mathematician, 
but ‘eadily perceived the fundamental importance 
of mathematica in an atomistic interpretation of the 
chemical world, sccoding (a the cow prevalent 
principle, "If is que that matter, or body, is the 
{rubject ofthe nanaralit’s ns Bue if be alc 
trae that ment if nt alte operations ofthe 

9 matter er, I 
ofan me. on oe mais enn on 
from their magnicude and their Sgure, a» the chief 
mechanical affections of the parts of matter; it can 
scarcely be denied that the knowledge of what figures 
iss fer jnstance, oreo: Jes capncous end advance 
‘or disadvantaged far motion or for ret, for penetrating 
‘0 for resisting penetration, for being fastened to one 
ftnother, etc, must be of constant use in explaining 
tomy of se phenome of etn «Th 
course, just the business at in the scence 
of maguire, gure, aod eapecy of motion. 
Arronamy, for 1% « scence tbout phyoical 
thing, in, which, without an adequate knowledge of 
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Daoarte, he whole ward seems tobe fndamentaly 
‘aatheroatical in structure ; “nature does play tbe 
mathematical and crechanical 





ol 
incipies. They have proven themselves the right 
(0 the cipher, Had he lived. before Galileo, 
‘ple wold evoubedly have rezained in the mais 
tn Aristotelian ;, but the remarkable and experiment 
ally verifiable achievements of the great tical 
physiciets had made him (es was the case with other 
Series pt fase mer Furth, ach 
a3 God playod the mathematician in cresting the 

‘mathematical principles, Tike the axioms of 
logic, must be ultimate truths superior to God hime, 
and independent of cevelaton™ ix fact revelation 
itself most be so interpreted a3 not to contradict those 

inciples, “for God, being infinitely tnowing, and 

Feing the shor of our reas, cars Be supped ta 

blige us to believe contradictions." “I look upon 

‘the metaphysical and mathematical principles. . 

to be truths of a tanceodent es te toot 
iy cong. 











ae eciverthfoundaons and tnsouments a 


acquire." 
‘This matheratical view of ratare involves, of course, 
14 mechanical conception of its operations, 

which I chiedy aim at, is to make it probeble to you 
oy that almost all sorts of qualities, most 
which have been by the schools either Jeft unexpl- 
fated, or geaenilly referred to I know not wi 
incomprehensible substantial orms, muy be produced 
‘mechanically ; 1 mean by much corporeal ageats, a9 
do not appear either to work otherwise than by virtue 
‘of the motion, size, figure, and contrivance of their 
TE, Bank. Me BM TNE 
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own parts (which atrributes I call the mechanical 
‘These pars are ulmately 

‘with pri 
rs wis of Came 
ipicureanisca, in’ ewentially Cartevian 
‘Of ech altonste or primary qualities the 
‘mont importnt i motion , fr Boye iowa Deseaste™ 
‘oneeption of the _ by which the uniforn 
fat gtice ens eign diveried int in various 
. jovophers so 
oe AOE ey cpap 
matter commen, to all bodies, by which 2 mean 
substance extended, divisible, and impesetrable, But 

‘because this matter 

















and since we ee not how thee ould be any change 
matter, if al its parts mere pecperually at fest am00M 
Ghemactves, it wil follow that to, Gcriminate he 


catholic matter into of bodies, it must have 
smotioa in some or oie pete ne Pad thet 
‘tion must have vations tendenck 2 


Chis parc of the matter tending one way, and that which 
4a in that put tending anothee."*" Tn fact itis just 
this attempt to account for variety and change’ by 
reducing therm wholly to motion that leads us inevitably 
to the atomic . 

Now although the natural world as we see it could 
sg 


smh eos 








1 GILBERT AND BOYLE 
ot hive been produced without thet infusion of eotion. 
hich broke up the primitive matter and forced i 
‘to combine in the manifold ways which account 
Re Prat Plenty ye (mats hich a 
7 ‘Boye i caper inset that alter 
Sadat ney bein me ry man 
‘not an inherent quality of matter. lore's conceptic 
of abvokne spect belped him out ot ie pone A 
bod 1s body when treat 4 when tm 
hence motion is ae es emvence 
“which seems principally to consist in 
van Bogle is not. quite. sure. whether 
Siupenetrsbility can be deduced fam extention alone! 5 
if aot it mat be icbadled in the essential qualities of 
matter aloag with size and Squre which are's0 dediuc- 
3B, us i in point eit hat mater can in 
bo write move ae ies dependent frie soto vy 
eating that is. not mane. Bene er (a 
Descrres for appeating to ake rate indepen 
of God, According to. Cartesian” princi 
Gs ofinaies aan tolealpoore bis alk 
‘Out of matter, ic in its different: 
parts, both insensibly small and large, all the 
Enea of mature without exception ares be explaocd 
Boyle, no more than Descartes o: Hobbes, bad eaught 
‘the full vision of Galileo, that motion is to be expressed 
Ju exact mathematic) termoe : his porpose when be 
dracends to the detaled probleme of tory in mere!y 
two how how, according to the principle of permutations 
and combinations, « small number of primary differ- 
tencea i bulb igi and mation can give Fein cher 
various ible combinations to an almont infinite 
diversity of phenemeae™. Boyle Hlustrates in various 


es eee 
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‘ways how the primisive homogeneous matter is broken. 
Iai he Sec of ed atone of 
" us 2 ‘ome of which are at reat, 
Carin tion «and tat fom thew considerations 
it pole to deduce seven other cxtegorien such at 
position, order, texture, ec., which furnmh us with an 
Adequate alphabet, out of’ which the book of the 
tuniverse can be constructed. Lest even this seem 
inte be points ut that lon! motion ie 

ciple of great diversity." rise motion, 
Chat seems 20 simple « expecially in siz 
teri even fa ha ba vr feck rere | 
i be mace oe seo et os ee 
it may be sieaple or compound 
ier ox, diforo, sd the greater clety may 
ox follow. ‘The body may move ia a straight 
Eve Seclne peuetiar mre bo 
the body may also have an undulating motion . 
or may brve x rotation about its own middle part, 
gent Bore mes conhdenty of coure, tat his own 
‘experiments on serostatics and hydrostitics admirably 
‘confirmed this wholly mechanical conception of the 
seen hl aa 
tis intereaing to rote that by Boyle's rime the new 
31 metaphysics had become so settled in the 


Sirent of ‘thinking that rodimentary 
stumps begin to be made to give new mange 
some of the traditional metaphysical terms, with the 
inet of bet ting them eto the langues ofthe 
7. He proposes to use the tera form, for example, 
© mean ((nstcad of the scholastic exsential qualities) 
“ thote mechanical affections aecessary to constitute 
«body of that determinate kind."** Nature, t00, he 
wwithes to rescoe from the vague and varied uses to 
which it hed Been put in ancieat and medieval dis- 
uusions, and define it in termes of the new dusli 

it ia not « collection of substunces nor x supstericus 

os me 
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wilder of incalculable forces, but x aystem of mechani 

eal awe 5 i, it is the world of matter and motion 

eel ore ss Slot docine of wget 

le ‘opposes Boce’s angela ani 

of «epic of sare oF subordinate being 
to 


for such phenomecs of attraction a8 cobeaion, 
rei at the He. argh comiend 
2c, like other qualtntive phenomena, can 
expltined op x corpuscularian ot mechanical basi, 
Seah ne ‘atterapes no solution of tho problems 








(D) Valve of Quattative and Telesteyicat Explavations 
it for im the appeal to + mysterious entity is no 
Scmnteree sure 
jeduce it from something clac in mature more known 
‘han the thing to beesplained.** Substantial forms and 
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orig oay aad fs owed tare redo rane 
of a thing ‘hat thus refers the phenomena 80 
that koawe ‘of alznost all bodies here below, 
Paes wr el perky tinsel be aoe eas 
eens oe om oP eT 
gravity ; an indced scarce any. hes yet 
Given in a stiafactory account i was for the 
Se eoanae ane ener je criticined 
tele ‘explanations ; the validity of final causal- 
ity, unlike Descartes and Hobbes, be does not at all 
‘al in question, bue point out that an antwer to the 
tltimate toy of ‘anything ie no substitute for an answer 
to the immediate Arm. » “For to explicate « phenom 
enon, it is not enough to ascribe it to one general 
ficient, but we must intelligibly show the particular 
‘manner, how that ‘caute products the proposed 
effect, "He must ull ingirer who, derande 
{ng an account of the of a watch, shall 
eat extiaed with being told, chat it fe an engine made 
ys vuchmaker 5 though thing be thereby dor 
ofthe eructre ant caption of the spine, 
‘wheels, balance, and other part of the engine, and the 
‘manzer, bow they act on one another, #0 38 to oo. 
‘operate to make the needle point out the true hour of 
Fs ree agement iy mothe 
far beyond mechani ‘theres the admirable 


i ‘ofthe ynivese 10 the 
eee ae of al of which 











a Sane eater a 
‘continually preserved power and wiadom 
Si epee ha peal cack heme 
Siiance of tke law! be has ouabinbed in'iy soe 


7 er 








GILBERT AND BOYLE 
phenomens I erive to explicate may be solved mechan 
aly, chat ia by the mechanical affections of matter, 
‘without recourse to nature's sbhomence of & vacuum, 
( mubetantial forms, or €o other incorporeal creatures, 
‘And therefore if have shows, that the phenomena 
Ihave endeavoured to account for, are’ explicable 
by the motion, bigness, gravity, shape [noce che 
telat of gravity iw ts Rec ahd other mecharied 
sffections ..=, T have done what I pretended."*" It 
‘was important indeed foc the onward march of the 
atew philcaophy of science that Boyle's acceptance of 
teleology as « valid metaphysical principle did net 
Tead him eo apply it in physica; here he follows bia 
great peedecentors in holding that the immediate and 
Fecondary cxuve of any effect i always « por ection 
Gace oat fi sore ey witboee oak 
great Author 43 ic now fy, Took upon 
fhe phenomens of mature to be cxused by the local 
‘mation of one part of matter hitting against anorber.”™ 
‘"TLocal motion seem 0 be indeed the principal 
amongst second craves, and the grand agent of all 
that pens mature or dough ball, Bur, ret, 
tinuation, and teatare do concur to the phenoment 
‘of nature, yet in comparison of mation they acem to be 
in many caves, effects, and in many others Tile beter 
than conditions or requisites, or causes sine gra mon,"™ 
Dut ail these remain wholly ineficacious anil actual 
‘motion occurs. Bayle is eager constantly 20 affirm, 
however, in refutation of that this applica 














je agreeseats with Descartes have 
sgpaed opus goin hus far cited ¢ 


‘comes to treat of txan's place in the world 


into secondary and unreal reslo—to be sure Descartes 
bad maintained the i of thinking sub- 
tiance—bot the whole effect of bis wotk, like that of 
Galileo, was t0 make man's place and in seem 


oe etl Ae ef te 
Sie poten re ag ttre rot 
inlet ee iy hat ere 

nic ‘it; in their al in the con- 
Ferra eo sbern  te , 
es arc ee ha we ig te 
erste vicar mnt by tht yey achiorencn 





‘creature. Confranting this 
seemingly ieesitible tendency t0 read man ext of 
ature and elite his importance, Boyle iv ager 
Positively to reausert the factual piace of man in the 
‘games and his unique dignity as the child of God. 
Hence the primary quilitie sre not more rea/ than 
the bcp 5 ice an wih ib ene pr of 
the universe, all qualities are equally real. ‘To be 
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sure, if we shoulé conceive all the rest ofthe universe 
to be annihilated seve ane such body, suppove a meta, 
‘rx stone, it were bard to show that there is physically 
teyeog init thn cate, and the aed #e 
have already named [the tic)... 
feu te te oe, en) 
in the woeld certain sensible aod ratios! beingn that 
wwe call men; and the body of man. aving several 
external pats, as the eye, the ea, et, exch of & distinct 
aod (exture, whereby its capable of receiving 
Impressions from the bodics sbout i, and upon that 
Aceon ic called an gen often, we mst cox 
sider Tsay that these sexsories may be wrought 

ep eee 
‘without them sher several way, some of chose extecnal 
dodies being fitted #9 afect the oye, others the car, 
cachers the ontis, exc. And to these operations of 
the objects on the seasories, the mind of man, wl 











they are.” At times Boyle is rather muddled about 
the matter ; in oot pasge he is disposed to agree 
withthe Ariatoteliane that they (tse wensble quale 
have an ebyolute being ierclative to us; for snow, 
for instance, would be white, and a glowing 

‘would be hot, though there were no mas of any other 


‘animal in the world .  . as dhe cox! will not only heat 

‘or burn a man’s hand ifhe touch it, but would likewise 

cheat wax... and thaw ice into water, although all the 
ones 








is object 
qua etue t © disposition of is conatituent 
lea, thar ic case it were truly applied to the 
sentry of wana ic would ors even a enable 
(qany which « boty of texture would not, 
ab though if there were no animals there would be 20 
inch thing ¢8 pain, yet = pin aay, upon the account of 
ita figure, be fitted to cause pain in case it were moved 
‘qainot a man’s finger Inasmuch, however, 
sg there are men and eae works uch 
sposition ” or in ia just a3 real as 
the quali in tif. * Tobe short, if we 
fancy any two of the bodies about ut, at a One, 2 
‘meta, ete, to have nothing at all to do with any other 
body in the untversc, itis not caxy to conceive bow 
either one can act upon the other ut by local motion 
== Of how by motion st can da ang thing more than 
[Put the pares of the other body into motion too, and 
thereby produce ix them 3 of texture and 
situation, or of some other ofits mechanical afeetions 2 
though his (pave) body being placed among other 
bodsea in « world constituted as ours now is, an 
ieee eat ar ta oe Geet canted 
Bice ae sr pen bot of thee cas 
but may seas which, 
pos shen os dtc uy wt 
cen Dut the effects of the oftenmentioned 
ie eld bef eceanary 
le a 
cuts spay tat are defac i se Ror 
rain secalbe and rational beings that we cal me, 
in highly significant coramentery on the scien 
Fae tie In Boyle Monod tis emphasis 
Ee tw ank qt eicen tary aeenting 
a 
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Achievement of mechanical acence nent implied 
f signidcaet place in the world for ls investors but 
father to his religiocs intrest, the america of 
tman ‘worth being usifrmly more favoured with 
the later thar wih. the former. “Matter, how 
‘nacly extended, and how curiously shaped socver, it 
tot a brave thing tht i only capable of lee mation, 
snd its effets and eoctequent on other bodies, or the 
Br of mn, wiht bg nae of ay tris or 

‘ay incelcctual perception or tr love ar hatred 
and when I consider ‘he rational soul as an jumanerial 
td Imoral belog, that bear the izage of it Giving 
taker, being endowed with a cxpacious inellec, end 2 
wil, thas no creeure can force Tam by these co 
Tderitions disposed fo ink the woul of san nob 
ind more valiable being, than tie whole 
world" "Some touches of tbe medieval teclogia) 
Werarchy are’ thus reafirmed in oyle, agunat the 
premaling current 

SJort what i i cri pee of 
sednile qualities this being that loves aad hates, and 
tas x raonal sul? Boyle's views here are seit 
Cartesian, Man's body, Deing body, ix mechani 
athe rg of scr mtn re ena endowed 
seth wile on corparell part 
ip characterized on an” immaterial form," or, quite 
eqn are 0 ara al “Rio 
focttine ofthe extension of spirit he entirely rejects ¢ 
the sou it aot only indivaible but aso onestended ™, 
for which reason, Boyle elds, ie must be icamateril 
and immoral “he prevalent notion of 
Sprit a9 5 thin vapour or trexth he sets defily 

fe a8 4 confision of terme, * When 1 sy thit 
itis incorporeal subneznce «if he eonld anewer, 
then he bears the words bance, 
te imagines some aes or other very thin, subtl, 


























Tage emt vee 
eats Tera 


CONCEPTION OF MAN 7 


team I shall reply, thet thi comes from & 
‘Saaepereat body, 1b hp adie 
Comething whenever be wil conceee anything, hough 
ange i he Recy 0, Rehan he Geof ieapling 
tere we wou concn 0 aber 
inpedimear © ‘clings of the mind, in coset 
that require pure intllection, it will be very Useful, 
if noe weceaary, © accurom ourselves not to be 
startled or fighted with every thing that exceeds or 
‘ontfounds the imagination, but by degree to trtin up 
the mind to consider netiane that urpes the iraging- 
Som and yet are demonstrable by reason, 

‘Al this sounds Cartesian enough, and whex Boyle 
omen 0 describe in deaal Use proceat of venation be 
Jet thoroughly orthodox fallower of the ambiguous 

135i bas come to be populaly 
Mjuae note with care his portrapal of the 
fictn The ioul is something uneatended at the 
ume time it reside in the conarion, 19 which the 
Impressiogs of external bodies ‘on the sensories are 
end, cry of nee, Shae hee ce 
ng motions being perceived by the there residing 
woul Ses, ena meee of he inate 
union .» of the toul withthe body.” Boyle takes it 
Se gui, coy Mies oe bet Un Sree wp or 
future use in ¢ small part of the brain". Hobbes” 
radiation of Descartes bas aot exexped him. He 
nots, however, sie of he dca irae in 
the union of incorpocea! with corporeal subseance, 
being expectlly interested in the fact thet particular 
Heoastions ae not really cxplaixed by. the theo 
J or I demand why, for intasce, when I look upon 
bell that ip ringing, uch a motion or irpeession inthe 
couarion produces in che mind that poouliar ort of 
perception, ‘ecing and. not bearing y and another 
Rrotion, though coming from the same bel at the same 
amas Anne Tae 

















a€ such poina we are ao better off than the scholastics 
‘with their oocult qualities, 
 Pesitsic View of Haman Kaotwledge—Pasitvisn 


Here we conve upon ove of the mont interesting and 
warily sigoienet fears of Boyle's pony, 








by 
Sateen eereae 

knowledge at al) i of the veal cary 
Soest crs 
Fecieae twee cay 
of gs teal ay sprsat ret 





edge that certain doctrines of sensation involved. 







‘of important elements from Hobbes 
pom cately het up within the 
it be a neceuary imperfection 


‘eufied to the dark prison 


expect ours: T see 30 
necensey that intelligibility to « human undecstanding 
‘should be necessary to the truth or existence of © 





whole development, how natural they seem! “The mind 
fran had cme toch ih « ut rel of bing 
whi to it preeminently cea, yet in whic 
in view of the current metaphysical spectacles, its own 
Serutie shad arty 
tricted and petty, and to ‘were woolly 
a er 
nexion, however, ure rather simple. Hie observes that 
‘we know very litie about the celestial globes and the 
deeply subterranean parts ofthe earth ; Cur experience 
and inguicies deal only with the "crust or scust of 
hich in but 2 “ small (not t0 say con- 


ea char ofthe sper et os pps 
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Ze port of oh wo Rh at tnt 
reject tings because they trenscead our intelligence, 
Dut consider whether it may not be because obr cat 
cities are ‘00 limited w grasp them. This aj 


pica 
Boh wp aience and rian, copecialy the lat. 

ie i ge eore Boyle becomes 
frond "Thi thinkiag wth tat oncepton ot 


Sizer tat we tave noted aay Callen ich 
Sar ater coun toe designated bythe name of 
iam. Tmporane touches of the poiivaic fe are 
tbe Ge Hey and ope now ee i 
the total phikvophicl sitation. Since the rch of 
futean Liowtedge & 90 ral n comparinon withthe 
tay of ngs i slow te ep tbe pro: 
fst of gent pte: teeta ave a ie kno. 
is cosin Because Besed on expec, 
tail is growing, though aime incomplete tad fag” 
enya conan hae rats phos 
ofa ene Ty pao i a 
wae wading har of enone 
idonwan ck might propre way hr sone 
which ig ey far 
flute “sound ead “competheoive Kypotheus + 
He ererely ccies tbe cageraen of the ura 
rind vo know a great dea! lore fe makes aur, by 
Careful observation aod experiment, that Knowod 
Slgeoume = Hea ee ta indo he 
ice of those inquinive wit, pon 
> explleste nous even the sbetrsest phenoment of 
mast, «+, | sdome them when ther eaderroart 
fucceed, and applaud them eves when they do but 
By aha winean a ee fad me 
oy me what 
sry 7a ge wages ord et it fet 
. Honk on wbick auch natoas were grounded, aa s000 
ieetee 


TR 





POSITIVISM. rar 
sfeer di some further or new experiment," 
Hise ile rt cning neh cpio pe rhe 
not confuting toch op i 
ea Srnal arning "nce even thee ano he 


icved he “* could bri ‘rmental objections 
So eo 

recognition on the pert of his contemporaries in the 
new science of & deGitely experimental standard, 
“For it is none of my design, to engage myscf with, 





of ayuinat any one sect of naturalist, but barely %0 
invite you to embrace or refuse opinions, an they are 
consonant t experiments, or clear reasons 

thence, of at least andogoss thereunte.” Difficult 
sroblems uch a the companion of the con 

‘pot need to be solved before science can pred 
farther ¢" becauve there i multitude of couslderabie 
things to be discovered or in nature, without 
#0 much as dreaming of this controversy." 

‘Not ony in it true that science can proceed to much 
important sasezblage of facts and teatative considera 
ton of hypotheses without bolding x frm ayetem of 
convictions about the Ya question ; it ia 
tho true that oftentimes alternative 
themselves, either of which may reves, in conformity 
‘with our genera? method and criteria Ga, atomiam, 
seopricam, etc) the caves of theca obrered. 

‘caoce it may be impossible to assert potitively 
‘that one of these hypotheses is absolutely trae to the 
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omerous, and the more various the particles are, 
whereof some ure explicable 27 the axsigeed hypoth 
and tome are agreeable co it, or at leat are pot dis- 
sonnt from it; the more valuable is the hypatheas, 
find the more likely tobe ruc.” A thied reason for 
this tentative attinude is that, for Boyle, the fact of 
time imeif renders impossible the construction of + 
‘complete ryntem of truth at any given date. More 
ngewe contay happening, hau thers ever 
tee ite our present 
Skea ew aly RoE d 
Royle ums up bis position on these topi 








pargraph, which may well be quoted almost én wie, 
(G) Beshe's Philmphy of the Esher 
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il probably bring for proof sever ofthe phenomena 
Tran ebout fo selate ; but whether there be or be not 
in the world any matter that exactly anewere 9 the 
dexcriptions they make of ther frst und scond elements 
T shall not here discuss, though divers experiments 
weem to argue that there ia an substance 





Js inating. “1 conde, thatthe intl 

‘of the universe, consisting of air and ether, of 

Bids tanggoos to one of tt is daphuanany “and 

hat the ether is ao it were, « vast ocean, wherein the 

Tuminous globes, that here and there, like Shes, 

swim by their own motion, or like bodies in which 
are carried about by the ambient, are but very 


ah dpe ed and coset Ct the proper, 
pecs e de wel wang al ed 


seatce coma 
‘Now its highly imporcane to sbsere, in consesion 
wih Ge they oe ether tat by Boyce tie an 
‘here become coammoniy sppeaied to for 
the illnent of two very diverse funcone in the ean 
sfrmatter. One such function was the contmunication 
‘af mation by nacestive impact, which became central 
fn the meclaniad system Gutined by Devarten, un 
firniahed an orpletion of all the expernenis 
hich id yeu engence. of 4 acu 
ture." This conception of moon as proceedin 
always by the impact of material bodien wan vo mvc 
in'line with the pontusce and methods of the new 
science that i was source Ter any thinker of 
Seporancs to oid te evo Ga meting of 
Sic pulps of el poo we 

* groupe aencked 

Sat be colld be any Sek hing as sce ate 
Gistance, Even Mocs Bad to have an extended God 
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in onder to abow how he could exert 





‘other fanction was to account for curious phenament 
Hike magnetism, in which forces were apparcatly et 
‘work of a unique kind, such 43 could not be reduced 10 
those uni } mechanical motions, for the 
ropanton of which the tbr in Set function wat 
cd upon. ‘Thinkers like “More, whose main 
motive wan religious, were content with traditional 
Soncepios of 8 ap of oatre a he pint an 
ing which possesses powers of vegetation, 

teat, Togulaticn and) gultance, without coe? 

. More scientific 





itis possible, and 
‘we are considering may 


ee pe Tout though 
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papi: apa 
sem Bo rte re omen 
Causes they are, seribed co, but thet thers may bey 
Sey mae age toe my 
te eel te my, coe 
topes ae a 
awh bien of ah tse cect thes 
Fe aes See Geog igs as 
fay om ce Se rhe 
leas improbable if you consider, that though in the 
cocker of the anclents there wan nothing taken notice of 
bbut a diffused and very subtie substance ; yet we are 
‘at present content 10 ‘chere is always in the 
scat ne eye 
between the north pole and the south.” 

‘This distinction between two kinds of ethereal 
bemeect echt olay legeiay pinoy 
a if ce ah 
=e i Rev rote 
se pi Reno 

‘bad. penned this paragraph (1679). Inthe 
meantime acientiots were quite st vca a8 to the status 
of gravity in this connexion. Were the phenoment 
of ‘Gravity explicable mechanically, of were they 

inl maguetic or electric in their nature? We 
hhave noted how Gilbert cheropioned the latter view—— 
the earth it a huge smagnet, and even the relation 
between the earth and the moon is to be understood 











magocticaly—his view was on the whole dominant 
reagents Sart 
tised considerable influence on such continental 
Tuminasies a3 Galileo and Kepler. Descartes was the 
reat champion of the former view ; by supposing, 
that the al ethereal medints fell into 
series of vortices of varying sizes, he held it possible 
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matter or other bodies any qualities not deducible from 
fareonon. As we have Ovecrved, the tere fact that 
SESS reas snd ns te verte 
‘implies in it lities beyond extension, 
Pike sige Dewan get mie ad cio 
meats upheld the conception as en extoedio 

Tag tng epi tp vt mn male 
trata methane the powible kay tall the eazets 
in nature. In ef the main movement of the 
Gmnes, it seemed like a more sciemmife hy sesis than 
the othe. In the reain, Boyle was inclined to side 
with Descartes on this point, thoogh with « rather 
Troe interpreaion of" the’ word -* machantoa 

Newton, 24 shll we, upheld the other view, while 
Ibe abo suggested « ‘way af combining the 


two. 
Ou March 22, 1666, Robert Hook wrote a letter 
10 Boyle, in which he described various experiments he 
had snads on the subject of gravity, partly to determine 
whether dhe forc it omelet cereal 
according to some regular law, and partly to 
whether it was mageetic, electric, of of some other 
nataret, Hook observed that the resulty secured 
‘were indecisive. A Tittle Inter in the same 
{Joly 19) Borle recived « lear fom Jokn Beale, 
in which the latter urged Boyle co offer an explanation 
of gravity, cbserving that it scemed to ave important 
‘bearings on both mechanics and magnetism. Early 
in the seventies Boyle is still unwilling to give any 
céinite bypothesis about gravity, but sees no harm in 
calling it mechanical in nanure, “since many proposi- 
‘Sons of Archimedes, Stevinus, and those others, that 
Ihave written of statics, are confessed to be mathe- 
iidically or mechanically dessonatrated, though thote 
anthora do not take upon them to ansiga the true cxuse 
of gravity, but cake 3 far ‘wha Bing waive 
tally scktowledged, that there is atch « quality in the 


en ey 
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bodies they treat of... Since much kind of explications 
Sav been fiat generally called mechanic apes 
cit being genetally grounded upon the laws 
tmechanie 1 tha Go nc ua contend abou name, 
safle hem quiet so bg wo This extra i fom 
to ‘abjectiont to Dis 
his wo cn the waght and 
‘elasticity of the air showed that sach phenomena were 
‘explicable on mechanical principles ; and at long a4 
there was no defined and tecngnized meaning far the 





Boyle's reply 
assertion 





sould be either avoided or settled. Mare and Boyle 
‘wore suficicntly at onc, however, in their religious 
interests not to be in profoand ding ton any 
ject 5 in fet cx yea later Boyle us cartel 

in language that would have 
Thay es 


(HD Gad’s Relation te the Mechenical World 


e's religious cheracter has been patent 
apie ears ot 
tia time, however, to fix our attention on this side af 
Bee phllwopby more Grertly, sod to pote i itis 
reltons in his own. ind, to experimental ence, 

religious activities were maldfurious ; among 
ther things be contibuted ‘betwly femal the 
support of tiionarie ic Gr cores of the globe, 

‘an quite a correspondence with same 
them including John Blox of New fare, 
He founded the famous series of Boyle lecture, in 
i offered to he 








‘a the tniverse, wan never manot for eyes 
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lone themscives, and affront it with the 


that wilfully 
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‘he thn Oy oa stp ea ag is 
7 ‘an atvecapt to secure 2 bt into 
see lena sgt be ccna, ‘nore distinc: 
tively sxgument, compare the, flowing 
stateroent, from many available : “That the 
tousilrcion af the vane, Testy, und roger 
motions of the heavenly bodice ; the excellent stnuerure 
oe er 
rare, most 
these to man ; easy justly induce him ss « raonal 
creature, t.conchide, that this watt, beautiful, orderly, 
and (in 2 word) many ways admirable syatera of thing 
iat we call the word, was fazed by en Autor 
supremely. pomeefil, wee can scarce 
‘denied bya intelligence iced comeiderer. 
Once having eatablished God, Boyle i content to 
interpret His place in the woeld and relation to: men ia 
accepted Christian fashion. He is the God who bas 
ren us direst and special information about himself 
find our ue ures inthe Holy, Scirus, hick 
ven study more valuat 
jgrevlnpoqte rough aedy of mttaer, 
pet ‘to receive understanding and bope of 
fei fom God, and not sendy what ws can 
9 His nature and parposcs throogh His revelation 
_ [er] te iapureamstoudy about the properties of 
ppt Fur gen eal Maca 
opr of he gst God, win fred al oy 
EiSdice and theology are thus both parm of = frger 
abole which fa tamncends them m reach and worth. 
“The gouge comprises indeed, and utes, the whole 
my man’s ry as it is 
say eo aig, Ee ote tbe t cad te 
laran ot machanict! philrophy strives to 
henomene of nature from adisphorous 
fig andi ‘Butnelther the fundamental 
doctrine of Christianity, nor that of the powers and 
Satake tee ie tI Re 
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fects of matter und enotian, seezan to be more than an 
cepicycle... of the grost und universal system of God's 
Conran al tpt mee 
rare by Re inkraton of the Saipan 
ing e Mei ~ 
‘seed ye tie + tee to be but members 
of the universal hypothesis, whose objects | conceive 
to be the nature, counsels, and orks af God, 10 far 
as they are discoverable by us in this life."**” Boyle 
reo the future state as a continuation of our scarch 
Knowledge of this vuster cealm of the divine 
activity ; the chief difference will be that our present 
handicap will be removed, at God will then enlarge 
‘ur faculties, so a8 to enable us to gaze, without being, 
dazzled, upon those sublime and radiant truths, whose 
harmony, as well ax splendour, we shall then be 
quslifed to discover, and consequent], wth traseporty, 
“°F religious Sith inthe divine control 
‘This religious faith in the divine origin and control 
of the universe, coupled with his ease of the meagre- 
ness of human knowledge, leads Boyle to x definite 
rejection of Descartes’ assumption tat the mechanical 
Ines of mato, dicovered and vere inthe elm of 
‘our experience, must apply without change to the 
totiy of re tae grant, with some 
Fescokoy ad ipl bs see ier woe 
Toil bates will be highly probable, that he 
‘as hae capayed hia nil whan i pouctons 
‘very diferent from those wherein we here admire it 
sia tue eter wore we cay suppose that che 
rig srg ot ame, ino whic 
architect x¢ Sst contrived the part of thir cater, 
‘was very different from the strocture of our 
Tesides tia, Tay, we may cooceive, that there my be 
spe dferoee bene he abrgues phenome 


‘Fam what rapelesy happen ia our, hough we thuld 


Pee a 
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supgone no more, than that two ot tee lw of le 
motion, may be differing in those unknown worlds, 
om the ies that bait in ours. God muy have 
created some parts of mutter to be of themeelves 
‘quizscent... and yet he may have endowed other parts 
of matter with a power like that which the atomists 
socribe t their principles (second function of the 
Ge of rein moving tha, ibn! nog 

st power by the motion they excite in d 
Seda "hod the eee te Poagaton mies 
‘among bodies may not be the same with those that are 
tetalibed ie cur wors™= 

‘As we should expect from these 3 for Goa” 
existence and power, the first and foremost Function 
Of the Deity in the ecsoomy of the universe was to set 
it in motion, in such ways that the orderly and har 
monicus system now cereled in it should revule. 

‘The frequent use of the pheuse * general concourse," 
which had already ‘in Descartes, indicates in 
the next place the vense on Boyle's part that God wan 
‘samehow needed constant Aad 








ng to pocen; to tia 

finpaled dim, though he was leat soto extent move 
bythe aime contidercions that infvenced. More. 
Boyle feels, too, that a mechanical universe would 
inevitably “By apart—those forces which hold its 
diferent pare in eo orderly whale, are 
Caecatialy’ spiritual in their nature. "This ‘ost 
potent Author, and Opificer of the world, hath not 
Tosndoned a asterpage 20 worthy of him, but does 
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sei amintain end provrve it, 20 gol 

‘swith motons of the great globes, 

tiie rat anes of the munéace rarer ut ey 
ot, 7 any vale disorder the 
(yeian of the universe, nd vedurs ite ied of 

‘Soontared state of shufled and depraved thingy’ = 

fe mans poe Peas 

coocoune 
aos ig, Sea site make ou in barony 


especially when we 


eke 





‘The key to this dificulty in Boyle, such ax it 
ems t0 be found in bis answer t the deiats, wh 
denied the necessity of any such general concourse, 
UH iafgs ace rough tps bythe seed ae 
things are > settled ex 
ature. For 2 be confidently, and not 
without coloor 1 yet. [look upon 4 law. 
as being indeed but © zotional thing, according to 
‘which at intligenc und frec agent is bound to regulate 
Hhisuctions. . But inanimate bodies are utterly ineapeble 
of understanding what « law is... and therefore the 
se. of nanos bien which cnet ecko or 
rate their awn actions, we . 
Perera 




















‘cannot know what it doing, ite oederiy and 
Rrebiding behaviour must be accounted for by real, 
‘constant, intelligent power, occur in other 

le.” Nowhere is there any clear astempt t0 
genes te whh Oe as thn ls of sion 

Phenowens of gravity represent quite 14 

sufficient mechanical operations. - 
pra 
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sn,Se Si concer, ot en thet cae of 
a0 ¢ being in the 
pressty gret mahal e taimait te tartosony 
yetem of the world and to realise desirable ends 
UUM Fis whole cnc  one, tat 
fhe whale ooecen at Sok Ged 
behal aay crmyes diecmcb ee 
Jar mivens, ster dows or think, Net 
i not 2 ‘ar diseurive 
ig Say Coa 
incre knowl + Boeds not know any 
thing by the bln calor ba Leave one 
thing tn ood 











being equally known to bi he 30, 
m0 8 himself,’ see there, 11 i 
dtvie and tniveret loking-ge 





Anowsble most distinctly, and yet all at once,’ 
‘This encocaium of the divine intelligence reminds 1 
of Galileo and Descartes; it even savours somewhat of 
iss res ist Boye tal pevouly 
ln one intresting pangs, in le 
Smosdl di ea rit 
vine. a. were 
ifesed ae ‘as ‘unite Ue iarcliget bog, 
ateful over the publ goed of i and, coeff 
atdzsinister all things the good of the partica- 
ir puta bf Serpe 
the whole, preservation 
ie eth lee aaa by she spree clave 
‘Now in such a passage as this Boyle is obviously 
going beyaed even the conception of God us needed to 
Suan the sytem, of the wold by his“ general 
conegurae"; he adding the doctrine of 
providence and attempting to stood tar le 
FP eeceed lee eee Boe fain Paras 
individuals, ar parts of the universe, are “ oaly 30 fer 
ne cr oes 
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provided for, a1 their welfare is consistent with the 
{general laws sctiled by God in the universe, and to such 
(of those ends an be ‘to himself in it, 
a3 are more considernble than the welfare of 


‘without at all denying, that the moet free and powerful 
‘Author of nature ia thle, whenever He thinks ft, to 
imaspend, alter, or contradic: thone laws of motion, 
which be alone at Gt entblishod and which neod 


Aho at any time, “by withholding his 
ging lew feo, St depend en ‘enn 
it wil invalidate mo fmt al the axiome 











Be 
‘ew of special purpose. What types of eyent does 
Boyle iotend to indiode under the head of miracea 
in this sense ? First, of course, the miracles recorded 
Tt will noe follow from the existence 
in eature, “ that the fie aust necesoarly 
burn Dane's hres fs ak cates at 
inte che midet of a burning fi 
hen sir of eae up Slee 
concourse to the operstin ames, oF sup 
natu to defend Agung hem the bodice that vere 
exposed. (0 them.” Secondly, Boyle counts 
pa fey epee 
cs vt birth*® 5 thirdly, spect] 
inti faba h one st Koco 
SRRBa* TERE. 
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fcenrateness, and of constant regularity, than we have 
been tiupht to believe in the structure of the 
universe 
‘quanueles of and ich 
anuities of opaque matter 5 comets, 
Sree. gest tmater of onder and. mystery tal 
acientiets of the day. Boyle holds it more satisfactory 
fo aeribute thee (7p of event to te immediate 
interponition of the divine aathor of things, than to cal. 
1 some thicd entity or mbordinate being, such a5 
nature. God doubtless has ends far transcending 
those which ere revealed in the tarmonious aystem 
eae ee wana 

fs noticea ot i eager not ¢o 
verte they reise ies; the main 
argument for idence is the exquisite 
structure and symmetry of the world—ceglarity, not 
ireguleriyaad st moments whee his yatsic 

on i almost desies ng be 

na gp ed ene er te 
deity. If God but continue bis ordinary and general 
‘concourse, there will be £0 eecessty of extraordinary 
interponitions, which may reduce him to soem, as if 
swere to play fer games ; all those exigencies, upon 
‘whose account phi ‘and physicians sccm to 











som nnne eo 





in Boyle, tothe end of rating it defintely to the new 
scientific conception of tise world, we ball find repeated, 
‘almost point for point iz Newton, save for being shorn 
{aan sees 
nlucnces at 
Philp were thove of Mace and of the , 
Jacob Bochme. ‘The former was Newton's colleague 
at Cambridge, and the later, wham be read copiously, 
moust have strengthened hia conviction that the 
universe a4 2 whole ia not mechanically but only 
religiously explicable, 

We 10 consider, in somewhat 


we now 
faller detail than bas been devoted co any thinker this 
faz, the metaphysics of the man whose epoch-makis 
conquesta for science enabled him to turn the 

of the convictions 90 far reached from still dubitable 
awumptions into almost bellowed axioms for the 
subsequent course of modern thought, Before we do 
0, however, let us summarize the central steps in the 
remarkable movement we have been tracing. 
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CD Sermary of the PreNewweisn Development 


Copernicus dared to atibute tothe earth x iar 
smoten on fy atte and an ancl motion around the 
tony because of the greater mathematical simplicity 
of he comin fc es sed vente 
ney "implications he co 
Teens ‘of the widespread revival sig hi yf a 
Platonic Pythagorean conception ofthe univeteey an 
which was auggested to hun miad by the preceding 
Sermagment ine seco of mathe Kepey 
rood by the bey aed harmony of cis only 
fymiem of the univer and by the satafacton tc 
stzorded his adaexcentdetfexton ofthe sun, devoted 
Himoelf to the watch for additions] geomettica har~ 
monies among the xt deta compiled by ‘Tycho 
Brahe, concrving the harmonious relations tout aid 
‘bites the cause of the visible phenomena and IDewise 
to the uldinately real and provary characterise of 
thingy. Galileo wan led by the thought of the motion 
ff the earth and Ws mathematical eaten in aaron 
ong. ef th ion of sal prs of 
might aot be al jade, an attempt 
‘whose succenfol wave roweed Bun ath founder of 
tow scence tnd led im in his effct to ac the fillet 


bearings of what he had. ished to. further 
erpbyeesl ferences, "The ean ena 
and causes, ia terms of which the fact of motion and its 
ultimate why had been accounted for teleolopicaly, 
‘were emepe away in favour of the notion that bodies are 
composed of indestructible atoms, equipped with none 
bot athena quale, and move is iis 
meogencous 5 time im terms of wh 
sci proce en el Be rma sate: 
matically. Into ‘soceess and supported 
by the onrushi ‘ide, Galileo conceived 
he whole physical universe 4s a world of extension, 
figure, motion, and weight ; all other qualitics which 
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‘we muppose to exist ix rerum xatere really have no place 
here but are due to the canfusion and deceitfulness 
st ouraence |The cal wali rathenstica and an 
‘ppeprane pti conepion of cay presented: 
immedite caumlity i Jedged in quantitatively 
reducible motions of it atomic elements, hence only 
by mathematics can we arrive at true Knowledge of 
that world, Tn so far, in fact, as we cannot attain 
taathematical Enowledge it in better to confess our 
ignorance and proceed by tentative sepa covert 
lez future science than te propoun wpeculn- 
foe peel eae Decne ot ty 
conviction that mathematic) is the key to unlock the 
sccrets of mature was powerfully strengthened by « 
tse emiied geome. “Coud nore mele 
‘ton, that of am 7 not the whole 
of tatre be reduced an closely geometrical 
graem? On ths bypass Descaren onsincted 
the fret modern cal coumology. But what 
shout the nw geometrical yous? Soma tone wth 
‘which Galileo had been struggling, Descartes id in 
the vagueness of the ether ; others, encouraged by 
Galileo's example and led by his metaphysical pro- 
pemsities, he banished out of the realm of space and 
made into modes of thought, another substance totally 
different From extension and existing independently 
oft." Whea any one cells us that he sees colour in & 
body or feels pain in one of bis limbo, this i exactly 
the same as if he said that he there saw or felt some~ 
thing, of the nature of which be was eotiely ignorant, 
or Oat he did not know what he sow oc fe But 
there totaly diferent substances aze in obviow and 
isapoctant elstons. How is this c be accounted for ? 
Descaret found bine quite unable tn esmer hia 
overwhelming dificaly ‘without c 
re euan though i pr art fed tn an 
‘cxcredingly meagre location within iy. 
PRA! portion wes defiitely sccacded the mind in 

















tiling 1 aeeat to 
the Hotberan reduction of the mind to viel tion) 
ihe aed St Ged ny 
fut jue and tine sed ba ts poral 
Beal big, he si of srry by ick be 
‘epethet i poe asm & 
world which Te mecha fates soe wold 
Inevitably #y pee fon, More meine 
Rel aul be the wtliicadadctge cl opty 
Guporiag of spece—our scencibg mete taphy 1a 
alsolate ted real exintence, and it revels am craked 


st of entinnn_ie enire 0 b roped te 
‘minipresence 1 citing i other 
Geildes. Barrow prosats av siiae treattest of 


‘Gime, but with » significant difference. Apert from 
tbe religioms recat, aie ypc nor eo neghe 
it potentiality, yee em appropriate 
trip tat rekecnce ely ned in pac ee 
connexions, furthering among those ore interested. 
‘cience than religion the conception of space and 
Sipe infelen Remcgenaans, sheclose caioes gute 
lepeadeat of bodies, metinas, ed human Enowlige. 
Is the meantime « more empirical scientific more- 
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sient mas under way, led in England by euch inns 
sur Gillet end Harve, and omg te 
than that of real election 7 method was 





ical importance 

consequently maintained the equal reality of 

Gul wih te pe Fe Obes the toe 
Hine that for Bople the popularly accepted poaition 





conception Hada ata? Sacttte wackine 
‘tin moto inthe Gepincicg bythe Cresir oad thence 
Tunnlag merely by the operstion of ita owa secondary 
Sores, 

‘Were we attempting a comple picnte of the 
philosophy of science in the sixteenth cod severance, 

Caen foany tore sigidcant figars . 
‘Be dded to oar cramect, euch, > tke only the 
sont oubeanding names, Huyghens, Malcbranche, 
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Lelniz, Pascal, and Spinoza. Bat it cannot be shown 
‘that the philosophy of these men influenced Newton, 
ise extered signi the doctrine of 





i ‘which, developed and. 
(tupported by his work, became 4 pict of the general 
intellectual ‘subsequent thinkers. In 
fact, from this point of view, Leibeiz appears rather as 
the first great protestant aguinst the now meephynical 
orthodory. 





CHAPTER VII 
‘ree wetapuyaics oF wEWTOX 
Section 1, Newton's Method 


Te has been often remarked that history is made 
siy ‘whe the great_man and his 
simuleseoul. In the cae of Newton there 
no guetion about the ‘and, importance 
Piraly,sch_« cxinidence "That the ‘ubsequent 
story for nearly a banded year of raathematics, 
mechanics end etronony ({o eenalderable Part, toy 
of optics) presented 
fuller appreciation and option ef Newton's 
‘neverenn, and thle cenmry ended wich act 
of the et magnitude i neat of thee Sia an 


arith ane 
‘hin focerunners, especially men like Galileo, 
Paes aera ar 
=r Se 
of the human mind—but that Newton sew farther 
iter ht tba a 
witiceunayees 
of matter to = single mathematical law, involved his 
client vite ofa te ies essential 
prc sers ecees gpg 


reel | 
wealed "Sewers cefoye ihe revasiabie 


Indy be sccoutted for echerwie than 

Bir dhe bed bees spe Brn ghey goles end 

 mesien at bel ws tae ee” Neves 

‘ima on one, ocation sermarhed) “IFT have teen 
‘other mea), it is because I have stood 

we 
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Gistinction of having become an authority paralleled 
caly by Arson age characerised Subagh end 
‘by rebellion against authority. However, 
‘we must not pause over these encomniueas ; Newton's 
tupremacy in mode science, the moat successful 
movement of thought that history #0 far records, 
stands unquestion 
‘Would that in the pages of auch + man we mi 
find clear statement of the method used by bit 
powerful mind in the accomplishment of his dazzling 
ces, with perhaps specie and illuminstin 
irections for. those less gifted ; or an exact. am 
consistent Jogical analyaia of the ultimate bearings of 
te uy ted inteliectual revolution which be 
‘arried to much x decisive isme! But what 2 dina 
ointment as we tura the leaves of his works ! Only 
Inndful of and often vague statements 














haut a metiod, which ave. to be boriomly 
Be sama Meee to be ot 


‘hardly suffers ip this cespect by comparison with 
ven the bast of hs foreronnery uch as, Descartes 
stzd Barrow—one of the most curious and exasperating, 
features of this whole magaiScent movement 5s that 
tone of ite great reproventaives to have known 
‘with matisSying clariey jost what be was doing or how 
hhe was doing it. And as for the ultimate philosophy 
of the universe implied by the scientiée conquest, 
Newton did litle more than take over the ideas on 
‘nich matters which had been shaped for him by, 
intellectual ances, merely bringing them occasion 
‘lly up to date where bis personal discoveries obviously 
image's dilference, or remoulding them slightly into 
‘s form more pulatable to certain of bis extre-sci 
interest. In scientific discovery and formalation 
‘Newtou was ¢ marvellocs genius; as 2 philosopher 
he was uncritical, sketchy, inconsistent, even secand- 
mate. 
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His pugrapta on method re, howene, super 
‘his other 





scientific bearing of arun aa event poe 
sioa of « valusble beritage in the discussion and 
eof i re ere Let us wee how 





in this—from the phenomena of motions to investigate 
idea atte aa eres 
demonatrate the other " in statement 
Stay pew fiom 

recive field to which Newton coefined his work. It 





ig, pethaps, to be expected, though it is somewhat 
Sappeiliag pelosi. 


(1) Phe Adena pes 

Tepe eden ge pasos” 
‘at once suggests the fundamental place of rasthematics 
in Newton's method, which be hirelf insists upon 
sale a adage eae 
Sedma cep Mast Bute tes 

oo. ere 
St lafen ieee nee as 
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‘hit age plage wt tonite the contd 
rile which Newton conceives mathematica to in 
‘natural philosophy and bis constant bope that all 
‘natural phenomena might in the end prove explicable 
in terms of mathematical mechanics, Jt from. 
‘is remarks thus far quoted, the procedure of science 
in twofold, the dediction’ of forces from certain 


i 
He 
i 


‘We might expect to End x strong statement of the 

‘of mathematics in rthod in his 
Jniversal Arithmetir, which contains the substance of 
hha lectures at Cambcidge in the years 1673-83. In 
this we are diseppoisted, his directions on translating 
problems into the mathematical” Is being 
applied aly to questions which already obviously 
i "The most 
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wetting op of arithmetic and algebra a the basic 
trathteaealsSences in opposton tothe “usinereal 
‘of Descartes, and Barrow. Either 

{to be used, hawevec, where it furnishes the casiest 
tof enletmetiod ef eons. News wet 
a ahift mainly by methodological considera 
‘invweation of the fuxional calculus Furnishing 
him with a too! whose operations could aot be fully 
represented geometrically. At the sums time some 
ria renaares on method in these lectures are augges- 
Be, Tpsemech eae oo est mean and 
ics algebeaically, we must introduce symbols to 
Brant Ul of Wee proparat wah which we ae 
agocered (uth sth dir of motion and of 
and the position, brightner, cmness 

Of opal Imago) in thelr matheratial rection? 
‘This thought ' not further elaborated, and when 
Newton comes to detailed directions be docs not tell 
rust ta iy hve ry hte Sty Sa 

ve 

Sut ofthe phenocens. Hin thereay pole 
compare the quantities which i¢ involve 

aking no diience the given and sought 
‘ones, couider how they depend one opon another, 
that you may know what quantities, ifthey are assumed, 
will, by proceeding spnthesically, give the ret. 
“Foe you omy assure any quantities by the help 
hereof it is posible to come to equations ; only 
taking this care, that you obtain as many equations 
from theca 28 yoo assanse quantities really unknown.” 
1G, however, we turn to the Opdcls, published firet 
in Tog but represeating forthe mow part work done 
thiety to focty years earlier, we find brief indications 
‘of « somewhat more general conception of mathematical 
method, which we wish Newton might have 
eveloped at greater length. “ And these theorems 


te sete ore 
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‘being admited into [respecting the refeaction 
Spies Tana se 
sort noni by aking ove age tat 
varie ae 
aacueigoe 
‘eaten a Kinds of  phenomens of colours 
which coald by refractions. Far to do 
his, there i lve requisite than to find out 
the sepuntions of iterogeacooe, ayy and, thet 
‘varionn mixtures an in every mienure. 
ne wor ol eps (rel neat a the 
Phecorene’ excited Eth tons, bedie tome 
‘thers leas necessary to the ad by the 
scenes mc wih inthe til dare prom 
to him who sball argue truly, and chen 
ile ght ah 
event will not be wasting. But be is fst 
> know what colours will arse from any others mixed 
inany sesiged proprtice.* Newton here evidently 
Conezives himself to have extended the bounds of 
mathematical optics by the mathematical 
tzctog to the phenomena of cls having done so 
UB wt Beno heterogeneous cays 
ie various roixtures ions in 
feature’ "At he end of te Cooke se 6? 
his conclusions on this point by atserting that as 
result of his precie determination of 
the qualities of and refleribilty, “ the 
Slale cf chan boboes a menieion fe 
‘mathematical as any other part of optics." Newton's 
‘eagerness thus to reduce another group of phenomens 
telimathematal Genie awratn spun the finde 
‘metal place of mathematics in bis work, but 
fhe tated by hich he sccomplihed chat 
icon i strom we tow bw of mech 








pa pean niet OL nee emg nate 
opt 
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sid, Let us tur to the other and equally prominent 
tapect of bin method, the experimental. 


eee 
att cbiow the mont carer wuden of Newion 
et oe rece ct 
Sameer ene 
bold, with Ke ez, Galileo, and Hobbes, chat “our 
rape ety 
ape te 
ee eee 
cation must accom] ‘of the iat 
Steer ee 
pep hy 
Sas 
z 5 
eons ee ‘by the athematical 
wea urcndy sokends The word aiee ty 
to far as exact cast Pathetic laws cap be 
in it, well'and good ; 10 far ax not, we murt seek to 
top eo EGET ae 
Jew cerain rtd, Thi cbvioudy the 
rth N ra Be 
parsmerieees 
Hradans ronseip an aera 
from mechanics! principles... but I hope the 
plea here laid down will afioed come leh 
{hat or some truer roethod of philosophy. 
Ehcpieme ieee 
and hence ic is that for Newton, in marked contrast 
omen fenremneeimee 
between mathematical truths ‘and pbysical truths 
“That the resistance of bodies is in the ratio af the 
Betcerecsiaea ce 
ssalepphiemerezkceroel 
Sepa eo ep en 4 





= 
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physical one,” and a similar pamage occurs in 
Connerion with hia investigation of Guide, 
Problems like these, of course, even Galileo and 
‘Descartes would not heve presumed to settle « prieri, 
‘but simply because it is imponible t0 deduce aiwwers 
totem from the fundamental mathematical pins 
accepted 4s the structure of mature ; it is just wheo 
deductions from suck principles lead to alternative 
oben tat experiment need bs cae in co 

ide. For Newton, however, mathematics must 


importat and fruitful movement in the proce 
development of science, experiment 
SS wel as te dedacve sad Eathecmtcl” Hewes 
the falower of Bacon, Gibere, Harvey, and, Bove, 
just as culy a the successor i lr, 
hats and fete whol 





Gablea, and Descartes : and if it were possible wi 
to tcpirate the two ‘of his method, it would 
Ihave to be said that 's ultimate criterion was 


‘more empirical than mathematical. Despite the title 
of his great work, he had far less confidence in deduc- 
tive reaponing 48 applied to physical problema than 
the average modera scientist.” Continually he called 
in experimental verification, even for the volition of 
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fornth end occult qualities, have Codeevoured 0 abject 
the pheoomens of nature o the laws of roathematcs, 
[ have ia this treatise cultivated mathematics so far 
au it regards phiwophy. The ancients considered 
mechanics 1m 3 respect ; as rational, which 
ffcnatt acurtely by deaenstton ; and practi.” 
fewton chnerves tat that which me perfec accurate 
came to be called pr what is less 90, 
teckanical + bur thin dhtncron mmovt not lead us € 
forget that the two. ‘eciginally a2 a single 
science. of ‘mechasion’ practice. For’ example, 
“to describe right lines and circles arc problems, 

set poor pobiens ‘The solution of these 
problems ia regard from meckanies; and by geo, 
‘etry the use of chem, when so valved, x shown ; tnd 
it ia the glory of geometry that from those few prizi- 
ciples, fered from wirkent, it able 0 do s0 man} 
things. Therifere geomesry is founded iu muchanical 
‘Brathan is nth bs the art of ceria mechanics 
‘which scerattly grepases and demonstrates the art of 
smeasuring. But since the manual arte are chiefly 

eRe eae ms mn, 











wewrows METHOD a 
cetislsee wrog ete toe 
Seats ore 
Sacre sae 
rational mechanics will be the science of motions 
Se Fancy tacoma ae 
Spats ee es ed 
Sores ores 
ope em 
together make up a single science of the motions 
CBee wed way eine ‘devdopal argh 
Sapien 


(©) Aa on Figen” 
We should expec thea in Newton rong insistence 
on the necesiy of experiment and soll patience with 
fleas above the world. which were not dedoctons, 
though exerinan, from semble pheorent of 
caacly veritable experience.” His works ae led 
scan: ple aes wch 
Ie wl wean ee chance to 
of his eaey opal experiments tis poleme tl 
te mit ia de fy the pzonerest of 
fypothese tll accurate experznental lw are tal 
aked by x study Of the available fac, As a 
ter aye prop ed er ae ht 
tstablihed experienc, rored Rypathe 
the that canoe be recalled with them ate a oncs 
treed, and ofa sereal difcrene hypothe vl 
te found reconclable propery interpraed™. But 
Newton's nberbing intcet la inthe properaes and 


ye Ob emt tet i kn 
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‘experimental lows immediately demonstrable frops the 
{arts and thete he ngted on abnostelyvtingushing 
me hypotheren Nothing sogerd im more than 
to have his doctrine of the refrangibility of light 
in answer to the he 
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ae 
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1 ay paths" Ths efiragson be 
‘with other vigorow asscrtans of the superiority 
from « lad olamptins. ln the enowble ge 
priori “In the meanwhile gh 
tae iesfe to insu, Si, chat T cannot think it 
‘ap by which phenonnn ay be cpa alo 
share hare cra boa perfect enumeration ofall hove 
Ter te em, ite proper mend Sr Snguring 
fir dhe properties of things, is to deduce them 
Soret pad cetie Loseid wih al ober: 
tone were eurpended, ken fom hypotheses or an 
other beads tan these two : of showing the wi 
Chey of experimenn to keine he gui, oF 
cove any cher putts OF ny theory, by amigaing the 
Bee salieems oy oes bee te hs 
cor of producing other experiments, which directly 
ontradice me, Hf any suck may seem oecus.” 
‘Newton by no meana refrained entirely from hypathet- 
jal” specthations om the mature of light bat he 
‘eempted t Keep clear the distinction Between such 
Tugaestions and hia exact experimental resus, He 
sepa, poved by! Hon's sha, he 
regarded ie, of Kis suggestion ‘aye of light 
dre corporeal,” This, seca, Me Hook takes for fay 
Iyporheais. Te ia tae, that fom my theory T argue 
Soenthen Qiepmt Hm om, 
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ap pee 
fangs reucenas aac 
hooped Seon ark pees 
Sete of ng copied ov cty by Sta 
raany other mochamical Irpothesea ; and therefore 





‘Pipa tod a submeyont wont; the Opi 
incipie aad i ‘works 5 is, 
‘to be ware, he could not avoid some lengthy epecule 
oem, ‘bur cocaciensiualy eacoded them frm the 
main body of the work, proposing them merely 09 
PORT kOe Oe AheeRos 


peri > ide fre expeimenainguy. The 
femurs Ei the ead of the Prindte, STE 


Plimomeas, and afterwards readerod general by 
induction. Thus it was that the impenetrabilry, the 
mobility, and the impulsive force of bodies, and the 
laws of motion and of gravitation, were discovered.” 
ar pea enseiogy layer! te rts RE 
most preaa a2 Sraportant ¥ 
‘Heaising. in Phikarphy, which, f read aright, 
Koacives Ne mn the targe oF baring screed 


in in ploeopby extn « prim princi, eppareatly 
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How, now, did Newton propose to unite the mathe- 
matical isd experimental methods ? A ful atatement 


Seeimeetats 
hia Teter to nrg in response co Hook's ns 
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Told scem toe snlyable, in be ight of much « 
Supplementary study, into three main sepa. Fir, 
Gir einplfestion henonee Hy xpeent wo 
shut these characterics of thats that very quantita- 
Sil together with tbe mode of ther arto, may 
be send ead pomedy detzel. This sep bet born 
it 
Baty de neh Ered 
iy in optic and ae in physica were 
‘taal ‘end che sim " 
Teri ekachons maton asd fork Gabor 
Second, the mathematical elaboration of wuch pro 
sitions wsualy by the oid of the culcahs, i> rocks 
‘way a will express mathemuticlly the opertton of 
hese principles in whatever quastitics or relations 
they might be found. Third, further exact, experi 
rents mut, be made (() to veri, the sppiablity 
of these deductions in any new field and to reduce 
esc tei ret form 5 2) in the ee of 
ore camplex phenamena, to detect 
Sais ee ay ska 
‘mechanics, forces) which can then themselves 
mubjected "to quantitaive treatment ; and (3) to 














Pore wop ta hetero al ogy re a 
[Fan ee bom nT eh ery ee mgs endowed 
Tiana pce gay by Wilh tt poder eta eoy 

le hang Dat sorb cher prs prom of eet 
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* hin, An interesting question semaine 
iomeyer to be asked sboue his fothed. Do no the 





NEWTON'S METHOD aar 


concluding statement of bis method in the Opacks, Te 
emphasizes his ultimate empiricam merely. 

~ Au mache tS sana pha, the nvrigea of 
‘ah hag by a etd cf wey ough er ta prac th tod 
Teapaiiea.” Ths exlpm coma i maling epee axl herr 
‘eon ed deny geal eg So ee by ssi 
‘Mitcog aca bjcon ogi wea bet ack aa anf 
‘cpeinme or ete rnin tot. Yo 1 aa be gee 
‘3 epee plophy. An! angle wgeing fen merece 
‘ad shawn by adacina eo daamen of gee aces 
ult he bt wey ef vere whi th te of ngs wd od 
yb hk wpm ech te emg by bw ma te cn 
tam posi Aad d uo xeon acer fom phan hee 
ages say be procaaen! gery. Bt fw uny Uae werrats wy 
(crepe skal re es pee my th to ond 
‘Tak ech eapoons a sce 3y cn woof walyew ny road 
For capri ingrety nl free mee he Kcr prong 
Gems tad in poe Gam tiie Oa cme sed bret ete 
‘rons nore pearl cay acgmmenrend nthe ot geal Th 
ile meted sf emipe: wel De eptins ame ememng Oe cA 
nce, and ceaehed ws peel aad by em esa Oe 
pioees pond tot the eed rorng Weerpuncone Ie Sa 
[Ee np baka of tawe Onticy pred Oy the salves 9 doco wd 
rove ce orp dienes fhe mp of bg pee of ary, 
(eDbly sad elom, co ara fey men wed ey 
einem, a he popes of odin, bed efoyee ood alan ot 
(Whth ther micones tal cdo decked’ ow daca be 
‘Poms nay br tau lathe maed of compete Sr eomog Os 
(rsoctns trang fom tom? se wemancr of whch wthedYgar ie 
(adel dn ove boa" 


Ie is sbundanty lear from these earnest statements 
aurlable methedsopial decorey, Gee oe et 
Feourkable mat te the fact 
that he wan woable #2 weate his method ia it» fll 
energy, Galleo fad’ set aside explanetion in 
ir of te uate toy of physical evens in foro 
of expansion teres other ie Sow, 
mathematical formula expressing their” processes 
od totes. Bat, Goblen ll cirled over many 
metaphysical prejudices from hie ancestry, whe for 


opie pA mgm eat ae Pa 
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‘Se oie he ees, sathamatad et at 5 
Hert E 

Segre erg eres re) 
ieee Oey ees ieee re 
‘ultimate ideai, “In Descartea the metaphysic of 
‘mathematics was stil] mare central and ling ; 
sree es cn ed eng 





and causex revealed in che phenomena of motion, 
Such explanations by their very mature are ine 
tible of experimental verification, We know, 
example, that certain motions take place in nature 
Hah te bare bevel to seduce to eather, 





Section 2.—The Doctrine of Postivisen 


ar Ra gomenne wl ay if this be correct 
lewton’s method) is there not a Bagrant contradic. 
ton in such a phase as ‘the of Newton’? 
finmene, and did he nat emorbly exceed ot 
Jean he main Body of his work, in banning idexs 
about the nature of the universe af large ? Is there 
‘ot ull juatiécation for his claim to baye 

and coed « methad by which «teal of carain uth 
i ‘opened up and gradually widened quite 
TMbeacethy "ct Coaned” clottas "a aisiats 
problema? “Newion, we are told, was the first great 
positivist ®. Following Galileo and Boyle, but more 
‘contistently, be turned his back on metaphysics in 





then, speak of him as a metapbysicisn ? 
er See een ae ae ge ce, 
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‘The main outlines of the answer to this critic 
emt be ‘from the whale course of our dim 
ensign, ‘To answer it somewhar in deta, bowever, 
‘will farnish,a helpful introduction and outline to our 
Wig ner oe en i 
3» there is no escape from metaphynica, 
ym. the final iam of “s 









relations amang 
cmiree further About chem. ‘The 
were Abily, bot whet: hee 
ic, Wel subject it to # vearchit 


scaly, and does it not swarm with cemphya 
‘essumptions ? In the fir place it bristles with 
phrases which lack precise defiition, such an ultimate 
saa" corract Knowledge “acre ofthe whole’ 
and assumptions of mocoent are always lurking 

ihasen which are thus carcleay weed” “En the second 
lace, defining Sly aly aes 
btatement reveal tnd exceeding 

‘out Be Sateae? Take 





ono cous, Oe oe 
Io tare Bee tome Chags pon 


THE DOCTRINE OF POSITIVISM 215 
‘without uny genuine dependence on other Mappening ; 
Tod ca theetore be! described ln walveal nas 
‘without reference to anything else? Scientific 








Sore mce ene fea 
ahr omer pt hs ar of enon 
Pater 
int ti etn thas isan excendinghy este end 
ee eases: 
raphyeic, wht bind ‘of metaphytis are you lly 
Seneca 
Ca ee 
ipeeiee teal sc meaty 
eta ue Rially becaune t's unconecious  earore, 
it will be passed on to others far mare readily than 
Tie GL Te i 
Ty insinustion rather than by direct uxgement, ‘That 
ee eee 
master most important metaphysic, isan exceed 
ingly interesting testimony to the pervading influence, 
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Sgt men tng of the Novos Sot 


"Now the history of rind reveals prety clearly thar 
tha Winker Who Easies menpoytes wil cay hed 


nent El ccoe ek Gk ee Be ome 

fhe will ahae the Meas of is age on wimare 
Sierra eons 
in intereats or awaken bis criticiam. Roomba yt 


prey ae 
iy jhe court ave a 
ees 
ont 
reppone the ateebe utatey of soca t 
ter at Ks eed nat Lo eppoprats tapos 
Fils Some ofthe consequence  rocrumibing to sock 
4 femostion have bern sbundanly event in oor 
Aiscunsin ofthe week of Kepler, Guile, and 
Ki Tety omen inet Seemed epee 
hans en aren 
ze playing with ukimace quersons, especially where 
Shane pore art ep i Comins 
‘positivisde. investigations, or 
can i Eirencentife interests, 90ch ab 
religion. ‘But inanmuch as the 
‘led to echo iteelf in careful metaphysical 
ventures st such points wil be apt to appa ptf 
ate, or even fantastic. par pi 
apps I arto to Newec. is 
tion of the eu 
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‘ontology) with their somewhat less central corollarin 
tubout the aatsre und process of sensation, primary 
snd secondary gale the impricoed Sst snd 
Pendeeton as an award cvaut of the vetrnus 


core." His er on grace sd ne blog in 
to the suse category, but wore in part given & 
Poet interesting tre Toorcs of esr 
“To the second type belongn hia treatment of mas, 
that int gens To ical i tom 2 
eiatiy Sttond da tapltons of ha mood. 
Of tbe tied type mandy, are ble ideas of the nature 
tnd function of the ether; snd of God's exinence and 
felstion to the world uncovered by acience. We can 
fardly do Serer than allow this acalyis of the three 
types to furnisé go with an outline of the moceeding 
wetions, 

“The theology of Newton rectved inthe generation 
aftr him # vevere battering a the baad of Flume and 
the French radicals; somewbat Inter fy the een 
analysis of Kant. Also his aclentic reanons offered 
fr the existence of God appeared no longer cogent 
afier the brillant ducoveree of subsequent invess- 
Gee 2 teas divest ix eo pel 

= bie 
[i wie expla io the gee cen of 
Jotelgest opinion i= Europe, was ti 
bboceus incinimied without defesive argument, and 
aguatoned rn fate ca 
ey ofthe mechanical or optical theorems 
tonic wae aac bee Ge eed ace 
Simporant farther developments in 
FEince and’ ptilophy. Maguifeen, “eluatis 
chievemonts gave Newton authority over the modern 
srerld, which, fing Tiel to have become fee fom 
Tatapbysics through “Newton the postivit, as 
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metaphysics chrough Newton the mety 
Wael othe cuenta clones of that metphysen > 





Section 3—Newtan's gener conception of the 
‘World, and of Man's Relation vo Ie 


We may begi izing briefly the paints 
wich Reken!meliy sloped owe hy ford 
Indicating simply the prec firm in which be 
them on to vworld x large. Just as 


Sotho bere 
For Newton too the world 


f 


2 ing mathematical 
characteristica _ Fan Te mus compmcd 





coeteed 
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‘evident ftom his most syvtematic statement in the 
mies 8 


Wa aoe ny Eno he comin of tins Oy eat 
de chow much kin tober) be Deal paren canoe Sa 
(da a a meet bee we mente cee a of a, 
‘That chen of eda x bany ev re by pests od ben 
(he ard of i wile it Ret ha Lard fhe pty Hae 
endy srt arin of edi pn ety oh Bog 
‘eel bet fuk ater That Snes nr spec We pre Om 
‘Sou moos, bet frome mene: The boder VUch wt Rat wr had 
‘ tad teem cas eupearetbry tte Lommel Property 
(1 Lelie whoo, Tha bain oe cui sad toed re 
‘en pow (oeeh oy kth ees mired of formar a 
‘acvea, om tr ae wo elf te ene prope eed 
dno whch we have mea” Ths anon, beds 

an ot ra ftw oo om th hd 
Ieper, rly, ld eve rear ofthe fry and ee we 
‘Shae he wat park fA a ob sa cad, bay 
St copa nok semble, nk mde enh cr ropa eet 
Sena 


Newton even suggests thet with the invention of 
more powerful mi ‘wo might de sable to see 
Ge largeat of these ‘=. In this statement the 
ultimacy of empiriise: and the experimental reference 
fare surely just as evideat as the fact that just those 
qualities are seized poo as fundamental in nature 
‘Which it had been found possible by Newton's time 
‘to handle by the exact-mathereatical method. The world 
of physics athe sensible woeld, butit in uniquely charac- 
tte ly nosaenly copuased "Al tha tags 
suatical law * ings 
‘being considered, it seems probable to me, that God 

the beginning formed matter in soli masey, bard, 
impenetrable, movable particles, of such sizes aod 
figures, and. with such other properties ix such 
proportion to space, as most conduced to the end for 
‘which he formed them ; and thet these primitive 
particles, being solide, are incomparably harder than 


en te som 
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Se enahtod & Oa aaa eae 
divided and actually xeparated to infin ile 
the articles conticue entire, they Smy 
bodies of one and Sas are and txtre is 
ages: but "wear away or break in pieces, 
the rate of tings pending on then woul be 
change Ao rr a ture ry eatin 
the of carpe things ar 1 be 

in the various separttions and new ‘in 
motions of these permanect particer ; compound 
vert ead 

len but where are 

fad only toch in « few 

uch’ bang the banc atuctue of the phy 
word, bow foes Newen tone of man bnd hi 
tla oe Hee tn the Dc enon ac ie 








without question the iain fearares 

Sms ls td ty 

ease hia 0 texting of ideas 
filed to exert tell. Te the pesmge Fem the Prin- 





‘pi, cited abore, aod eloewhere when his empicicam 
i wot fargotten, Newton speaks of man an being in 
ened pe ‘knowing contact ‘with 


poral ‘is they that we ace, 
Sul a touch ‘When, bowere, especialy 
in the Opsits, he treats more directly of man’s relation 
to nature, we discover our mistake. Full assent ia 

given to the now orthodox view. Mas's soul (xs 
Sih Boyle, identical with be mind) i locked Up 





sat oe TREE 
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‘Within his body and has no immediate contact what 
scerer with the outside world ; it is present in a 
puticolar pert 





‘but from its image on the reting. “When aman views 
any object, the light which comes from the several 
points of the object is so defeacted by the tramaparent 
atkins and humours of the eye... a5 
‘meet again at 40 

© 








God only can. see objects themmeelves 4; in the 
ce of men * the images only cared through the 
E thera 

cen and 

ing in the ewentyzhird 

and. ren oe of Se" Opiate 
"the 

Lala et 


is : 

Be id pa and Sones Cy 

‘optic nerves into the place of sensation? And ism 
omnia oman ane 


f 
a 
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bearing performed by the vibrations cither of this or 
ef toc ier sno excel athe aio ert 


the tremors of the ai, and 
Ba sod, pellucid, and Sen aafene ae ofthe 
eet place of amen? “And so of the 
‘other senses. In not animal motion performed by the 
‘vibrations of this’ medium, excited in the brn by the 
power of the will, and from hence throu 
the Erie, pellucid, and ‘capillamenta of 
feet i the mine foe cootseniog tnd dieting 
"When we come feom these quotations to Newton's 
dearest nates fo the doctrine of primary. nd 
secondary qualities, we are no appreciable 
Ste saan i 
cow hm phyacal forerunners. Because 
of his own ee a op ch ee 
‘met, ws we relate expecially to colours, 
whee cathe cece 
and refection to have deity cvertrom the theory 


fiat colour re gules of * These things 
20, it can be no whether there 
Spclccs nawents er ‘hey be the qualities, 


Pie Tee ee ree mer 
ght be « body. For, sioce colours are 
ght havi io rye Gr et ete tc! scare 
subject, how can we think those reps qualities also, 
Unless one anlity may be the sebject of and austin 
another? which is, in effect, te call it mubstance. » . 
Beside whe cree thei anz gua bea hero, 
ud aggregate, to be? 
i utter tel wt Ty er 
Pint mana refacted, and by what mode ot ations 
it produccth in our minds the phantasma of colours, 
5s hor a ea, and I shal cot lage cncjectren with 
Gertiaticn, Apparently Newion’s five acne 
ene grunt, 
SORRHT SrTTt e atemn, 
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to the rejected theory of colours as qualities of 
ject a that Chey are qualities of Tigh kaving St 
says for their subject. We discover at the end of the 
quotation, however, that this must have been a alip 
tty inbot of pion celosures vith aint 
sagy intention of mi ‘with certainties, 
is rena impliathat the preceding evunpion 
it no conjecture, samely, that colours have no existence 
even in light, ‘but arc’ phanteams produced in our 
minds by the modes ot ‘actioes of light only 
conjectural matter being the process by which this 
takes place. "In the Opacks this positon is amerted at 
somewhat greater length,“ If at any time [ opeak of 
Tight and rays 1s coloured or endued with colours, I 
euld be understood to, speak, not phileopicaly 
and properly, but grosly, and according t 
conceptions as vulgar people in seeing xl these experi- 
ts would be apt to frame. Foe the rays to of 
properly are not coloured. In them there is nothing 
hse thin a certain power axd disposition co stir up 
1 seonttion of this or that colour. For 4s sound in 
4 all or mania ering or other eounding, bod, is 
pp ey en 
t that motion the object, 
the sensorium ‘tis 1 scase of thet motion under th 
form of sound ; so colours in the object are nothing 
but dipoction to elect his or thet wre of ryt 
‘mote coprousl rest; is the ra ne 
ing but thee disposions to propagate ths cr 
‘that motion into the sensorium, and ip the sexsorium 
they are senvations of thone motions under the foema 
of colours.” *” a oe 
Here the current doctrine of secondary qualitca in 
cleat prodaimed. They bare oe ral" exience 
‘outtide of human beaing, save 29 2 disposition of the 
bodies ar the rayu to reflect or propagate certain 
motions. Outaide, nothing but the particles of matte, 
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equipped with the which have become 





Pony ce nor is ee reiengite epee 
aaa wisi? 
vole, the least sefrangi t for making 
Hercion tyro tol a seven cieeiaiesea 
Of ayy, viata ef aevera) Tonermediate bigness 
fo make sensations of the several insermediate ? 
May not the harmony and discord of colours ariee 
fom te operons of he vorcone pupal 
2 nerves into’ a, 
fs the harmony and discord 
Avie oe aor 





ee reduce the pete rs wont rk 
of mail noting, | Newe it wich, the 
sypathenia that the iaxages of an object 

oye wre whee te Syic neres eet bl 

come into the braie "im such « manner 

flres make but an entire specie of pictur, bal of 


ich onthe ight tide of um comes rom, 
3 t 
Sol Sea eee se pe nes ene ee 
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and from thence om the right side of the head into 
the brainy and the other balf on the left wide of the 
sensorium comes ia ke manner from the Icft side of 
both yen.” | This remarkable notion was forced upon 
fewton and his contempoearics in their attempt 10 
it tat we oe an object single tend 





Sdosle” Betonag we toy Si Bat Se fe et 
‘tee objecta chemacives, but chat it ix their images on 
the two cetine: that are carried to the seneorium, this 
‘wus x real dificulty that bad to be somehow met. 
‘Newion never states his conviction on the fuzda- 





‘vigorovaly furthered 
writings of Hobbes and Boyle, the conviction 
ws sprang ung zealots ofthe new er thatthe 
Trumat iind we unig butamal nubs mprsoned 


Now, the ificant 
Soo 


Ind secured 2a ‘tell 
EPAS arcaapt » anin's pole eeion te 
foal sncawbal beyond te id of tis umn bay 
SE pie trcmele wh te med san 

offered no compensation in the way of « solution 
of ulkimate probleme, epistemological or otherwise— 
Bey ‘ccd Seopleeperaly tne fo 

ly om 
des ant image the sal wat caoeived 9 ey 











2 scat, or @ small portion of extension, within 
E'Eesiy which place bad come toe knows tthe 
scesorium.” Thize was caching in Newton to 


this notion and everything to Support it. Fe 
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‘more, bad Newton expressed himself definitely oo 


ci preg Kelly kaha ths be wend tare 
oe er te 
Minden tee once ort ‘an we stall sce 







fea 
‘pilin toe pene—th oe 
apirculisn is not present—tbe soul 
cencioved by the brain ? 

‘Hence in spite of Newton's earnest atempt to be 
xpi hgh nd rough apie of caper 
Seem be et acted tied so 
Fite geven plctre of tho wanes ta of en's 
place in fe which went forts under his same wat 
Enrol tat whi ad sea been contracted 

smocked out by the great mathentical 
Se ee im, aod that to 
fp bow stigiocs ed leet, cousrunle form 
‘cemendoas problens thrast pos us 
PaSlopogeepel qromg mapede nity oben 
Shain he eo adopted their why, cepocally Mor’, of 
ri ie okies by ae = Gel. es 
ie war of the ‘grease 
thinght tt no the pret Norton's nuory ook 
EMtrs bony ipl spacer ofc tt bey 
fn man’ puny, i ‘spectator (0 far as 
holly Inpriscned ina. dusk room can be called 
tucyof the vat mathemati prem whee regular 
ition scoring rneiples consti= 
fied he weld of me Tae glnly roca 
faire of Dance and Mile, thet et no ‘bounds 
ge engentog of mn mi ged ore oe ad 
been ewept away. Space was identified 
‘ait rales of portery, ee We in oon 
of mumber. “The world that people had thought 
themgelves living is—a world sich with colour and 
ound, redolent wits Gragrance, led with gladness, 
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Jove and beauty, ‘everywhere af purposive 
Mitoony and Clathe deel comand ot ins 
inate corners ia the beainr of sctttered organic 
beings. ‘The really isxportant world onside wat 
orld eed, colt clerieny emt, ad dead 58 
woo ity, 
Pe en tae ere pee 
ualities 1 izam san became 
juts curious aed quite tor efece of iat inénite 
wuchins bye, Newon he Caneits metpy- 
a incerpreted ani of its 
cin Cin” fr scams phlptsel sacide: 
ation, finally overthrew Aritotelanism and Became 
the predominant world-view of modern times. 








Section 4.—Space, Time, and Mass 


Bot Newton did more than accept and support the 
ing pectace of oun and Be world Cat bad 
smnong bis He himself made 

the moat remarkable ica about that world that 
redound to the credit of modem science, and 
natural that in connection with those discoveries 
shoal ve had occasion to eae in more exsist 
aad. propagable form than they, just ‘wot 
af nltt Seyond wana tobe concave, Sect 
‘Newton aanure came to be thought of by the modemn 
mind as essentially a real of masses, moving according 
to mathematical laws in space and time, wader the 
teens of defnite and forces. How in 
i lewton portray these entities, eepeciall 
and ime yaa bow did he cameo ta up 

the irreducible characteristics of bodice ueder the 
‘teem masa"? It is to be observed that in thi expect 
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morthematical method ; in part be ip resting upon 
the miiy of cern she ciunacbe totic 
i f° poe thet bee tno 

2 ropoun 
‘and that in the mai ee Se Nee nc 
fine tat were quite beyond the rach of ‘venibe, 
experimental 





(A) Mast 
‘Thisapriotism, however, is not strongly pronounced 
inthe cca emi "e dcecion f Popa bres 
Beer uae tio geal lrantt toot 
‘modetn mechanics after the ature of space bed been 
ddscovered by Gallo a2d Desartes tnd iat oft 
Seemed by Daron Hr Gala, er Norn 
Huyghens, mars was equivalent 
Sree Sees eras om 
as coscept is geoeral, 1 ty 
of reducing all vatieties of motion to exact formule 
‘was not seriously coasidered. The fundamestal fact 
f physic) nature thee made the Cartes teeny 
inploue pes the fc tas. ood gon 
sally inlet ray move diferently when placed in 
selations with the name other bodies. Det 
carte of cour, ws nmr of thi fot, but intend of 
‘to reduce it mathemstically he chose to hide it 
ke ‘the wpecoladre giemonr of the” theory of 
vortices, 

‘Newton perceived this fact, and in the cave of the 
aot prominent difermcee of mation of this war 
fe phenomena of previ, sucende in schioing the 

‘Fediuction. Moreover, he euppli 
Sefinitions of wll the fundamental concepts neces 
for the complete subsaimion of motion to mathemati 
Jaw. in the care of certia i t phenomena 
‘which he bad boca unable to include within 
‘the scape of bis peisciples, the advance was later made 








roe and 

fay ace tiny crite eran Sut once the 
‘mash was mute it became easier to define 

esr sor a tee oes 
48 force is invisible, while « standard raass is w physical 
‘ject chat can be perceived and used. ‘The samme ma 


be said of the concepts ‘ead preerure, whi 
‘Were now given a wore place in mechanica 
when defined in terms of mass and bulk It is 
probable that Newton's of amass wit 
[rauenced to some extent by experiments on 


‘bad found that the product 
i procel valune in se of uy gu ees ivays 
fe constant, and it i thet constact 20m, ia 
proportionate relation to the ot inmia of other 
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sosnce, becomes the mn, of the gus This 
at Newton's 
in Ee te om of the Pris- 
of decay od wolume ; indeed, 
ots dedne his too then ate Ret 
ma presen ta an ulate quality of bodies, 


De cou 
‘Tha Gheoresy Cot te soe mos has ierent 
weight st diferent divtance from the ernie of the 
on ioc tesa moe et 
Key of motion, let gradual yb the 
welkot Becki Hey tygbens, Wren, Halley, aa 
(> Newton's ‘oetouation of the law of 
grevietion, which unieed astronomy and mechanicn in 
Ene mathematical science of mate in maton. Tbe 
iparture ofthe celestial satis from Uniform motion 
ngtaight line can be by the sume equation 
tay Fass apne endo toni Cry chee 
in our worl toward every other 
bash dey arin ete far of 
masses, and inversely in. proportion to the square 
the ditance between ther centres," Tndec, withthe 
concepts of raaas, force, and acceleration a» Newton 
teh them, eapecily wich hia callus as a tol fo, 
the rapid und loctre bading of protien regard 
motion, itis dificult to conceive ‘of any changes 
‘motion whatsoever that are not mathematically reduc- 
in bis ers, tho ef cure, el ach tc 
6 a8 are co ‘aicly regular’ and constant 
forces is it worth the investigator's time and enecay 
to attempt to reduce. “Where changes of motion are 
‘or unique, the ‘prosiemunully. remains 
ney noe becate the fal ee not at and for 
thelr compl bat because it is worth 10 
cout, ml to fcr the eduction. ee 
Nevanian sicepe of mant PDs News consis 


‘of physical bodien us merely massca, that im, postessing, 

















mobility 
‘extension, 





ity from 
‘wareduced to the 


re ch harden 


Even chis would hay 
aliticn which coestitute 
Jems Newton inchided it in 


x 





two 
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custines of the exower beve botn indicted in. the 
‘preceding ‘ut preas the question 
Enore specitedly. Of couse it" in underotndsble 
ough that the bulk of his scientific followers, not 
being in repaty with Newnes enteme enpitkiem 











sar foe, bs followery 
ssweepi iciciam : with bis aupecb 
ing reduction of the ation of rater to 
tical formule in terras of mase to excite 
aig 
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their constant amazement ; with, too, the early dis- 
covery that all the basic ucits of mechanics could be 
defined in units of mass, apace and Sime, it was « 

‘enough metaphysics] ndvance of the kind with 
which we are now surely familiar enough, fro the 
statement that bees are maser, tothe assimption that 
Sodics are sothing tas masts, and that ail residual 
phenomena can be explained by factory execal to che 

Ce eae Toate saree 
Se ceein rgians Gorieoral in Ue ova 
alnking, erp  excceinggeutioos i the 
light of 
cern ature. The ide of rs ad 

‘incorporated into ina 

ad is tuba for Ur cll vets 
ny mae the woldaystem seen the mere ly 


‘mechanical. 

















B) Space and Tine 


‘When we come to Newton's remarks on 1 
tes bey oor cee i 
terres enacting 

iy Rees meh ed 
a : 
ene oe “chief work, Newton 
himself asserts that in “philosophical disguini- 
et mer ae Sloe & 
eo cee oom Se whe ss 
a 
jemselves, distinct from what | sensible 
a] iat obser- 
soeed ac a 
Wil be por bance the talnoe af thle hope to 
understand Newion’s position and account for thie 
ed ee al ee 

‘Newton introduces his comments on these matters 

lens 
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with the remark thet hia main is to remove 
contain ‘empiriod “Hither T 


leas knows, and explained the sease in which I would 
have them to be in the following discourse. 
T'do not define tims, space, place, and motion, a1 
deing well known to all. Only I snust observe that 
the vulgar conceive those quantities under no other 
notions but from the relation they bear to sensible 
objects. And theace arise certain prejudices for the 
removing of which, ic wil be convenient to ditinguish 
‘them info absolute and relative, ue and apparent, 
mathematical and common.” After this introductory 





‘cine oiled dentin: mre appt cod commen Ot 2 
(Sas vod con (tan war oe eaagebie) omar of dao 
{fy te am of toes Wh conrad) ed used ef Wm a 





plc ae stad aad mie med, tc me ne ee 
(lane noe. Than wep coc a tire Flam ay 
pee of ae ip which hn bey pemetny thet pt of he oy 


rag, 
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ty sd ch ein ve eget ips 
inert os een te tly tang poe, 
‘Sis mriy, Seto sino ma oe crdonenm of indy nt 
in pe of in amare ep pore 
‘aroma bmored. Wome Woah sy chee 
SE i nce ohne wa my ond aonly ve wi 
pemaeimnaereiod cathy sore gr ner repeehdeaed 
{Seon tne momen oe Bly we py Set 
‘ano ect sma oan fry fo er me weno 
(rip ox tar: tnd Fh bey er ow ny ep Se 
Saeki pare, pty fon oe occa ora mee 
(guen md pry fn ne nena ne op oo 
Pik tog wm they el how ome nn ene ol 
poten farhrtre/ boro 
Ahsan in eee © dang fom rig by he 
qin rearing tm Fort sul ay uy 
SE SC ay cy nd ge 
meer of dae: wae ee mua fr es 
ir ele wba vem ay tet ra mc hag 
‘Sima msiny hry ome ay cred mmr ent 
‘yb caved sd aio bt too rope shina 
rininletre hoge Tee dren opment of cane of 
(Sg main he mnt wht a nse veh w re sn 
1 od dann cage w be aga om wa oly me 
= "Pewee epee, fe ee 
va. Yachoyes ‘sccm 
~ evvaced up wll from che enpanmens of the pondalam 
Smvyecren te ake Joe 
Aaa ra oO pre of wm rsa ished of ha 
ervotipea. Seppo thos pro more ol ha Fo 0d ay 
SGT Some ge cqemtin ay te aed wt of ema Tor 
Teena uaa wren th pe wef rer afar 
{tage A dangy ae pond = Gouare tr som ttn 
Sonkr of ataee fis oe or eto eae ot ty 
hey dt pray po angel be er a 
$e tty oa pao me abe te he 
ete ony dan ee 
"Dot beta sh pre of ee cnet be oe ing rm 








Stan bot pleeyhial Gaye we org abe foe owt 
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fori aeganlg lg chagrin 
foathennstical space aoc time, These ace infinite, 
Tomogeneous, Continous entitics, entirely indepen 
dene of any teasible object or action by whe we 
tyre matare tbe ine Sowing etully fom 
unity to eternity at nce in 
Inte fcomomtig. bolt asin isthe rater 
ofa body from one part of rbaahite space to another | 
relative motion « change i its ditance Grom any other 
semble body 5 abaalute ret the cootinsance fs body 
the same’ pat of abeolste space 5 elative rest its 
contincance fa the same distance from some ether 
Boag Absaie ogtn i be compote, inthe 
cite of any body, by eathetaliy combe 
‘tlie mons th the exth ple te motion of the 
tbeolute space. Thus in the case of « body 
tmoving oo a thip, it absolute motion will be deter- 
ined by a ma ‘cambimtion of i waton 
fn the thi that of the Iter oo the cath, and that 
sf the earth in abeclute apace. Absolute time we can 
Siete by equating or cortecting ovr vulgar ine 
a more sccurate aeady of the eles motions, 
Tey, bs ones tnt sc one fod 
able mation, ‘whereby Cae may 
Senet) mbumred. "All ncGoon oes tone pice, 





‘to the beat of our observations, ite uniform, 
say rally be somewhat sceelertel or aria, whe 
the true or equable ‘of abvolute time it liable 


fo no change: Sixty, epecs i Immovable by iis 
en cach me, Sal te crer of Pa 


SPACE, TIME, AND MASS 447 


cannot be changed. If they could be changed 
oul be ut of hese + th 1 = 
3 primary places rs sbealute 

nr ra ngs ep eae 
alte apac ar not visible or wesably diingush- 
able 5 bexce, in order to meunure or define distances, 
‘we bave to consider some body es immowble, und then 
catimats the motions and meswure the distances of other 
bodies in eelation to it. Thus inetesd of ebsolute 
‘ce and motion we we relive oes which a rinble 

‘in practice, but considering the maticr pbiloto- 
Pucliyy esa elas tet be may bs te bay 
fvaliy se reat in abvclute spece, our adopted. cent 
af reference being porsibly itself in mation. Hence, 
by observation ment, we can dono more than 
approximate citker of these two absolute, true, and 
smuathematical entities ; they are ultimately inaccessible 








tous “It is possible, chat in the remote regions of 
the Sed stars, or far beyond them, there may 
‘be some body ‘at rest ; but icspossible £© 


Know, fiom the postion of bodics to one another in 
cnr Fegions, whether any of thee do keep the eune 
position wo that remote body x it fllows dat absolve 
Fret cannot be determibed from the postion of bodies 
it ow repens 

‘The question Grcbly aioe in our minds at this 
point Low, theny do te kaow thar there are sock 
ign as abwole space, ime, and motion ? tn view 
of thir admitted waccomibaity to observation tod 
txperiment, in view of the complete relativity to 
a cr ebe ides alpen 

seat thy in 
and rr doe Nein the sperincrslin weal 
‘ejector of hypotheses, dare to introduce them with 
Beli of ms and ce a ‘ors of 
motion How, even, we would 
Siete tell wid Us hypEdedel clea body 
omens 
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were really at rest io aboolute space, oven though it 


fell under our observations, i . ise 
cowe ature i icfniae and ain Pet 
indistioguishable from exch other 


aire core ie set & shat we om teow 
lute motion by cermin of ita properties, 
techie metion ingle abeclute wpace and de. 


Mee wy ing a ad ek oe ed ao St 
(ha ca by Cae proper, crm ol oes. 8 ropy of sak, 
‘ae bein aly at fe, cha pc] et re of 
ae 

tri peop of cco tat he pa ch ts yen pot 
ee wen do fara fhe ots of ae wrk For a ar 
(St evobing bir eons ade se a fei} 
linger of tan moving Prva arf the tt pt fw the 
(eta Their medina ord ha ha tie 
‘Sm wrhia cir wil pera of tie cen Upon which wou, 
ard hac mon of by ene be ard byt an 
latino enh choy mera rh rel eda ough 
{oly tape bb aly a 

"3 propery martin we redlag i Gt Ws plo more 
‘char pt ein mere sang WA me Wher rte ad 
‘eohin sas cn ve caret dren ins by mer han 
fr ta oa Ti ble er ow sem ect votre 
(habe ie ett» ote Pm. oma cer pac on 
‘Sora tthe te rom ry ty, al ne ee re 
(Paflecous waned jung tocar a er aa ad 
B24 tenty onsen, wat Te rece ee 





‘This section commences with great promise, but 
to fae our dificalien are hardly explained. We are 
1 distinguish abpolute from relative rest and motion 
by tai proprtin, canes nd fee. Te ign property 
‘motion, that parts retaining given positions in & 
feape See shes Shee 
‘yrtem, therefore absolute motion, either of the 
or of the rest of the system, cannot be determined 
their relations to each other, but only by reference 
© immovable space. But immovable space is quite 
sem tne, 
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(he ee owed cy © he rir ny met onde 
(Ge eno tr ve be mind os pissin, nd nue 
(Sener rind a tag Bet errs wa don 
(Soe une el non mc a oe a or 
ove takers omen ran sy td et ennrowr homed at 
Sara meoos ote wor peat ing ad woud 
‘pest qeary wt wen read hy ah rh. 
"Feed «bates of ye eaky Ye Sno ad icy to 
acing trl para bat om he pene” etn 
(ep a tat emer ew oes Cy 
praetor te Sons ere erik ack 
seguir apr fev brane gem eo Pry fet 
(Geapperoe tion hah dre of ee tee 
(Fema wf chm od ce fe es wen Por 
laranr ores bgt a es ano fen ery me 
‘sca tae csc hrm, wet wrod sb tr comes Ganon of 
(genre wig fom te ton ot ey dco te enn af 
So een an em dr ns ed Ge en wg 
(eau qn of hw cr tee = Aud how we mig Ba 
Sele ge ta th win ofr cnr memos 
leiscow ewes wice Gow wa sig excel wale wr WS 
So gob oe mopar Bet oo, Fa tt em ome 
betas war poe ts ee cre gre pe coe w omit, wot 
ee er 
‘hare taabooc 2 ts Gabe sooee Wve bedi, wher a en, 
(bd hog we abort das Bete cca od od 
sad tat ot nae wana wy eae wich he want i 
bet wr wig elo i rao teow th 
Sie aod thn ny, Som Se oenioe hr pek gt 
‘edison te demos of her mo” 


‘Again let us subject this argument to careful 
szalpis, Aa Newton himaelf sums up the mutter, 
there are two ways by which absolute motions (and 
‘hence absolute space and time) may be demonstrated 
and measured : "partly from the apparent motians, 
‘which are the differences of the true motions : partly 
from the forces, which are the cauves and effects of 





{he true motions". Let u eine the ane f thee 
nt 

Relative motion may cake place, in the ose of any 
‘body, without the application to it of any force, other 


ners 





eof RERE 
ial 


Hl 
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Newtan is on sounder howeres, when be 
4, ___ Hom force an the cause of motion to force au 
fa elect. ‘The of the vowel of water and 


the two globes ‘prove something important 

ing the sitaon in common pant the 

‘whirling veusel gradually communicates {tx motion f 

the contained ur, Site ale om cae 
fore, mentursble by the concavi 

Se Sree oer ay 

the tensian of the cord. Hlere we have certain motions 


‘These phesomena are not present when the antecedent 
motions are relative (ir, when the water Was at teat 
‘within the whirling vemel, each maving most rapidly 
relatively to the other), kence when they are preseat we 
must be dealing not with relative motions but with 
motions that may appropriately be called absolute, 
‘The reason. is a sizple onc. Consider again the 


stars, amume 2 plane surface, and then gradually 
‘move in the present direction of the vessel, appearing 
Eon af min ted ox ener of fares nan and 
Serer sya 
cauulicy, if we believed that by « simple tarn of the 
hand we could check x rapid revolution of the 
pegty jually * Dralation aoe sisi 
pe eee 

edie FP ticel ld nk EP 
‘sistent account of the major date of physics in such a 
faahion—our most fundamental ‘trustworthy 
generalizations would have gone by the board. In 
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other words, we cause ier amsume the Sized wars co 
bbe at reat aod attribute mosion to che water. The 
‘ef choice implied by the relagiist caras out 
‘be wholly illusory jin the iterese of clear thinking 
show th men eins Beno he ric wold ws 


imply dave to do just what ‘Wherever, in 
a ‘of spetil rionahipn, forces moerarsble 


i 





forces 
‘other phenoment are geaerated in ove ofthe bodies 
sia nef 'the thes, we arriba the matin © che 
rmer—in the ly rocchanics, we say 
thet it motion is Alelute, the toto of he other, 
relative. - Else our worid would appear chaos instead 
of no ordered specu. 1 ea men we cor 
4 given motion entirely by itself that we are at all fre 
to choose. Indeed, that in some fundamental sense 
the phenomena of felon abot an tx ae inde 


Furthermore, Newton holds, although ths thought 
is not developed as thoroughly we the other, wherever 


there are relative or 3 motions, there must xt 
Jeant be as much ‘mation an is the difference 
of the relative motions. ‘Thus in the case of the 


veseel, the water, acd the surrounding universe 
when, a2 in the fist part of the experiment 
the two letter are at rest with respect to 
cack ober, thee mate bole ccaler 
motion of « certin angular velocity, whether 
ir be the veal ofthe water and suroundleg environ: 
auent in tootion. Simulasly in the case of two equal 
‘maasea which are changing position relatively to each 
other at a certain velocity. Whichever we take as 
‘our point of reference, there is motion at that velocity 
[Prescat, tod if both be at the same tims moving away 
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‘Hence there must be nt least so much abvolute motion, 
Notice that in Newion's statements here the doctrine 
of absolute motion is not opposed to the conception 
‘of motion aa relative ; ic atmply asserts thet bodies 
do change ther tpaialrelasions iw tach and exch pracce 
‘aayt, and that aur sycem of reference is wat arbierery. 


(©) Criciinm of Nessten's Philosophy of Space and Time 
[Now the existence of absolute motion in this sense, 
that im the fect that bodies change their distance. 
rehtions, and that in any direction and with any 
velocity, implies that theze is ixfede room in wi 
they can. move ; and the exct meaturability of that 
motion implies that this reom & 3 perfect geometrical 
rtew anda pure mathematical kme—ix oiker words, 
ioluse mation imphes sbsslse duration axd. abislelt 
‘pan, Thon far Newon's mathematial method ot 
lied in the Principia the notions 
Poqmee snd Gat wo tad begen © omg 
piloiophical handing, ad by somewhat ana 
Considerations, im the work of More and Barrow. 
‘tbnolute space and time, a Newton proclaimed them, 
mean merely and precisely this, the conceptions would 
be logically unimpeachable and would deserve inclu- 
‘son among the definitions and axioms which fursiah 
the foundation of ie mechani, in pie of the fect 
that they are quite inaccensible 
‘motion ix “acoetl tod meaae 
prenupposes them. To this extent Neweon has 
Frrceatnn and the fic, 90 oftea 
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But thus far alone can we go with Newson; 20 
farther. For sot = Sees 
by this ove bai 
ae ‘only arse 2 
more fe ference 

ig this 40? Simply ‘because 





oF 
room in al} directions. = ee Tay or oye 
of bodies Se isieices 
intelligibl either moving or at ret is absolute 
Spacer abate ioe; rach wrment oni becomes 
‘meaningfol fnopber phrse, is 
tore n uch ed och rey 
i abso spece sad tne, bat ema ae 
‘A Sensible centze of reference must always 
ted yo ecity imped. 
‘Now itis clear that Newton did not feel this izupli= 
the dati othe spas about he pun 
tinction. For tthe possibility 
‘of combining the motion of an object on a ship and 
that of the ship on the eurch mish the motion of the 
earth in absoluse space ; furthermore in any 
‘ack in the Prise and in che brifer Syem of ihe 
World, be discusses the question whether the centre 
of gravity of the solar sysicm be at rest or in uniform 
soton in abate specs" Since in big day there 

















war 10 way of ‘a definite point of reference 
Aimang the fed rary such « quoxion ig obviously 
‘unintelligible —the very nature of ubsolute space 





to fall into the cor, and inclode nach wtatements 
the main body of his clastic work ? 


ets emer 





3 here we siruply_ 
‘obsceve how the concept of the Deity Farniabes the 
to Newioa icmasienory 

wan Ne positix od teh policy of 
wit lewton's posit vi vt poi 

Canning from the main body of his sSentific ork all 
Iyporteses and ultimate tome, inna abeotore 
tquce and i q 
ses aed in, were pany tat independent 
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Hence when the second edition of the : 
appeared in 1714, Newon aed his frou General 
‘Schlom in which he eprom himself with oe 





Bhewhere Newton speaks of God as “ containing 
in mse al things a ther principe and lao” 
ng by mana it “he 
Father is immovable, mo place being capable of 
becoming emptier or fuller of im than it iy by the 
‘eternal necessity of nature, All other beings are 
te pk a the preety tio dey 
if it fs 
evident that when Newton spoke of bodies or of the 
centre of gravity of the solar eystem maving in absolute 
space his mind was not ‘to the mathematical 
tod mechanical bearings spell appre te 
‘neant also were 
feral and omaisiat preven Pepe iy Game a 
thin ‘we specifically relate 
the problem soe diay cata that of Neston 
Tree ten e neeen 
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a the second passage Newton speci 
the ative dre contro the word 
enjoyment 
Pogson Sipya 
i hit brandless eiferm sensrinm, and thereby bo 
‘und reform the parts of the universe, than we 
‘ur will to move the parts of our own bodies. 
Wwe are nat to ‘the world as the body 
f Gad, oc the several parce thereof, an the parts of 
God He is + uniform ‘bing, vido ergs, mene 
, 0 parts, and they are Nis creatures subocdinate 
to hm ahd sebvervin? to ia wil) and he ono more 
the soul of them, than the soul of a man is the soul 
of the species of things carried through the organs of 
sense into the place of ita sensation, where it perce 
them by sears of its immediate presence, without the 
intervention of any third thing. "Te organs of seose 
‘ze not for enabling the soul, t0 perecive the species 
cf thingo in its vemsoriusn, drut only for conveying 
them thither ; end God has no aeed of such onguns, 
hh being everywhere preseat tothe things themnclves."= 
‘Do we not here kave exactly the exphanition of 
‘which were insearch ? Absolute space is the divine 
seasorium. Everything that happens in it, being 
present iy the divine koowidg, mot be immediately 
recived and intimately Certainly, at 
Feate God must know whether any given toton is 
absolute or relative. The dive eonsarace 
the ebimats conve of refrence for abulete motion, 
‘Moreora, the eiminm in Newton's conception of 
poate Co't ect Zap ntane Coowkigy bet 
ho Almighty Wal Heis the ultimate originator of 
motion and is able at any time now to add motion to 
bodien within hia ‘sensorium, Thus al real 
‘or sbwofute mocion in the last unalyeis is the reruleant 
of an expenditure of the divine energy, aad whenever 
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motion would be absolute. Bot, of course, cxplam- 
Goma io terms of pious reverence are not critically 
examined. The ommiscience of God and his, tran- 





sensoriam of ear = Ede be enon 
cg sais 


spe pe eligi a bd ‘odie Boreg ‘with reference to 

lute spate and time: important notion 

{into Newion’s mathematical science at this pout 

‘which was in the lat analysia the product of hie theo- 
convictions, 
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ble entity against which, the world-machine 
‘continued its ‘waovements. From accidents 


divinity completed che 
With God 

‘hero was stil 20 
gucldy of mes pio 
Ihave viewed with 
dualiim and the current doctrine of primary and 
secondary qualiticn were reconciled—with God, 
Ihawover, bansabed from cxistence, all the epicituality 
Jefe in the world was locked up in the sensoriums of 
scattered human beings. ‘The vast realms outnide was 
© muthemascal machine merely ; it was a spam of 





reams moving i abate pace and ne. For it 
was necessary to postulate rn 
of these three entities al ita 1d changes seemed. 
capable of exact and final formulation. 


"As cegards space, the metaphysical dificultes 
involved fn this conclusion were touched wpon in the 
chapter on Descartes. In Newtoa's presentition, 
however, the avooalies in the conception of cme in 
modem science are overlaid with an Ingenious vse of 
Jenguage. Newtoa speaks of absolute Sine a3“ fow- 
ing equably without cegerd to anzehing external 
But in what seme can we time a» fowing? 
‘Things Gow ix sime, eather. Why, then, does Newton, 
describe tisne by buch a phruve The fact iy the 
idea of time thrast upon the world by modern sclencs 
is 4 mixture of two peculiar conceptions. On the 
fone band, time is conceived as « homogeneous mathe 
matical contiouum, extending from the icfinite 

the infniee furare. Being one and entire, ite whole 
tod I vue tk Te 

a ject to know 

Sven See chers 
constancy of energy, inevitably result in this picture 
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with sn sxabiquous formule. Attempts by contam- 
Frey pion of come oe oon 

‘be more apt to become fruitful, did they devote 
themselves to 2 more thorough study of the history of 
the cancept. 





the views in which his conservation affected 
eal postion sill more deSnitely. The 
ied eadicalian in 4 


tendency tard mology which 
in 0 noticeable in Galileo, Descartes, and especially 
Hobbes, ie oat to be Good Hele: ending 


‘that these elements in bis metaphysics rapidly 
hele influencs and did not sufice to mrve moat of those 
‘whone thinkiog was affected by his exploits from the 
embarrassments involved ia the more revolutionary 
doctrines. 

Tt was observed ig the last chapter that Newton 
sttempted to account for ail the qualities af experienced 
bodies thar could not be up under the 


conception of them ax mames by flowing Deacartea? 
sample tnd yor poop amr pin Pengertn§ 
pervades al is preane or other oper 
Sine on bodies causes euch real phenomena, but 
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cen tke elec, ism, and cohesion. 
a began where Boyle leit off. For kim, too, 
in bis ewly work at least, action at « distance was 
incoocervable. Especially id his studics on optics 





lead his to think such « medivm pecemary in order 
(to explain the fight. Tn all bis quarrele 
with Hook, and others about the nature of 


light ued the validity of hin experimental conclusions 
EEEzeting certain of ex property, accompanied by 
a ‘ie of 
Shenpe tod kn own pronowtinnent of tay 
tar lon pnt 
qxetence of «medium which at kext performed the 
function of tranemitting light, Amid all 
dimgreements Newtoo wwith Hook to thit 
extent, that there ‘az ether, and that it wes 
1 medium susceptible of vibations Having taken 
ryt nan om the caret of th tnd 
ing it to be thus well grounded, it was easy 
Newton to extend its use t© other phenomena which 
involved action at x distance and which others were 
accounting for in the same fashion, such a9 gravity, 
tmagnetiom, clectric attraction, and the like, 
interesting passage, which combines this conviction 








Si Tec wo Rendey Hs Seconeinnin eat 
inanimate brute matter shoult, without the mediation 
‘of something cise, which i not xateri}, operate upon, 
od afect ether matter wthoue muta! contact at 
it must do, if gravitation, is the sease ros, 
bbe went end aberwat ai ‘hod te occ tenn, 
thy T dered you would not svibe innate gnvity 
to woe, | That gravity should be innate, inherent, xn 
omentia] to matter, so thst one body may act upon 
another, at a distasce through a vacuum, without the 
mediation of anpthing che, by and through which 


se, <icrinarse oe awe 
their action and force may be conveyed from one to 
another, i¢ ta me so sbeurdity, thet I believe 
ene chen ae aoe nop 

Erling mates 3 ovegot 
eae tg ne oe 
Rare eee 
Sem eee mel 


Tie the second place, Newton lived before the day 
when scientists believed it pomible to postulate the 
conservation of energy without calling im other than 
sccepted mechanical prisciples to maintain its coc 
stancy. When two bodies collide in space, and by 
reavon of impecfect elasticity, friction, und what not, 
fail to move away from each other with the same 
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‘These two needs Newton proposes to supply by the 
adopts nal mare epic Rimaktin "OP Dope 





heh bso cing maggie See 

cs: ‘to have been ‘stimulated ple 

Se ere Se cet teed Boe 

‘matters, 21 his letter to the famous ist in 1678 
seloar 


i 





id epecinetal i, mnogo oomer os the 
pane prooomosncts of cnc, 


(B) News's Barly Speculasises 

Ic ia important to observe that from the beginsis 
Newt appa to bas aly moet he Cees 
‘conception of the ethereal medium es 2 dense, commpact 
Guid, ‘much 23 alone could swing the planets around 





ne petits aii nat 


he 
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of motion, inclediog” lect, magactary. and 
iqrviy wih the added fancy tat cetole Fe 






‘of materia) nature may be of auch spirits 
in « very condensed. form. 0 
clan in detail how varios type of phenomenn mt 
‘be accounted for by the help of this hypothedi 


lectriciey, gravity, cohesion, animal sensation ant 
otis the ent, rein, od cous of ght 

the moet prominent subjects for discuxsion. 
‘As lurve oft rend of his thought thin it 
‘we shall select far compact. presen e 
‘explanation of gravity. 

‘After suggesting” that electrical attraction and 
repulsion may be accounted for in terms of condense 
tion and refraction of one of the hypothesized ethereal 
spirit, Newton goes oc = 


Mh ray te recone of hott ee by he ened 
‘eqodatle of woes meh he eel op ot of th wal dy 
of pkg te Sot of wong ry Cty nad ely ded 
‘healt rts of a cacao, or peneny, esc tad S>CONT 
fs bearng ch hee in er pick he rls 
‘ith matte ee comarrien of aoe sad nl monn st a 
Te ance ms eral ogc my be enn Soren = been 
‘dino saree elec pore otha ord wv ste re 
Llgd of tani none neces fort animal oe of etn eng 
(he a fn pore ar he ees vapor cote oe et 
hte rods the a tly of he meh ch maybe rye 
ey cae pepe werk my cael eed we week of 
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wa. He notes this fn the correspondence 
berwean Nal and Haley jot before the Price 

‘appears 10 look. with 
considerable favour on the notion ™, 

"A Lite mare thin three years later, Newton wrote 
letter fo Boyle in which many of the samme subjects 
ave treated, It ia atrongly notceable, Bowever, that 
in thin eter the extravagance of his farmer speculttions 








Cap cari td se, soapy etary ek 
RE ama bth oe 

ih Topps ce pura po Yo, bt 7 a 
een aspen too in gees codec tom at pe 
tie cat oreo 
i Se ee pm oe 
fobs aan ns sey fesolucaom 
Met op «np roe ech fer ty fc 
sheets stan tye pe sak sey eh ao 
Se ie tempt eee cael pew pct treed 
‘Seseeng wane on Appt nn Top tr may aa 
‘Sy hc ty Oral fof Loam betes ryt 
(Srna ofr pny ned as pcg my cn nen 
ern wn north pew of Sek try nse enn 
Essa poeple senile bores 

7) Upp etre Sr ae ata tt de witout 
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=e otis 
Frey eae may crepe 


This mther crude is of graviey was much 
yon mee by przetienle of ererhy 73 
Euature form in query twenty-one of hin Opis, from 


nee ores 
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which wo shall quote below. ‘These citations from 

Newmne’s clearly indicate that 

Ferlyagie Thoey stake cr spots eons 
r to 

snd best af ls erveed arpehnesaon 

stvere pened eck opinions tmeiry and ith 











nome difidence ; yet 4s t0 the existence of such 
‘medium and the ‘of the appeal to it for a 
solution of certaie di be bad-no doubt what- 


‘wever. For More, the world would Ay to picces 
without the ethereal epicit ; for Newion ir would run 
down and become motioaless if it were not for the 
continual recruitiog of motion in these verioun wa 








by active principles lodged in the ear. And 
never gure op hope thet tal evidence ight 
Sey te slo ch wold ceann ot 
definitely overthrow some of these specific conje 

fees" Te wan in his jirit and ta this ee 


that he proposed many of the thirty-one queries 

SES jedgren’ of Newton's ethereal yp 
his judgment ethereal ypochesis is 

inteceningly condrmned by the last paragraph of the 

Princ. 

“Anca we might ad wombing mameng tain mow mi 

tien oad pve el Sh ge deny yt a 








nae rea oo may 
‘raved dog or mrs in ed et 
te wok tom he been non cm Beth ot 
{Wipe nar ome a phen Wr oe men mr ae feed wt 
Sa talowey fapraes Yass apeted wa some eenaae 
‘om cok ntact ie by Wak a he wan pt 
on™ 


In other words, the existence of this spirit and ita 
onan en 
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causal telation to such phenomena is usmmed to be 
indubitable ; the only uncertainty, and hence the 
reason why these matters cannot be properly treated 
in the Principia, ia that we have 20 far been unable to 
fobesin accurate. experimsotl Inws expressing the 
‘operations of this pervasive medium. Its worthy of 
rove that here also there is no hint of the manifold 
intinctions about the ether made in his etter of 1675 5 
it appears to be conceived a9 a single mnediuz, 


(©) Development of « More Seated Dhewry 

ft in in the Optics, and expecially in ove of those 
queen ‘eppended co the work, that 
lewtou’s final natements on the nature and functions 
of the eer are peered, Here we find hia eer 
suppositions lar deyeloped in eta « 
BEE ag the explanation of revity Be upon in the 
‘course of his letter to Royle i» presented ins refined 
saad sisnpliged form. 

"The passage opent with the statement of an inter- 
ating fact for explanation ® : A thermocneter 
cncloted in a vacuum end carried from a cold place 
into a werm one * will grow wars as mauch and almost 
1s toon a the thermonseter which in oot ie Daew. «Is 
not the heat of the warm room conveyed through 
the vactum by the vibrations fa much wubtiler medium 
than air, which after the sir was drawn oot remained 
in the vasanm 7... And is not esis medium exceedi 
Jy more rare and eubdle than the air, and exceedingly 
Aor uae and acive And doth it not. rea 
pervade all bodies? And is it not (by itt elastic: 
etic ado 

“Te not this medium much rarer within the dense 
bodies of the sun, sara, and plancis end comets, than 
in the exipey celestial space Between them ? And in 
[Plating from Chem to grt Gisances, doth ie not grow 

Pomme 
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wvitation. Other of the types above 

Soted are stbuted ta aiditong re 
ave fe : ats ; 

res kere 

gtr 

‘be dispensed with, inasmuch as the universal 
mnieseraey eaten 

See mo 

iene res ton cae 
‘these sctin read prepa ie hove ing. diographi 





early attean 
tection ofthe Opies he repent a ch ra e's vat 


cosmic hypothesis his on in the profuen of 
the Pinapi that all the of nature may 
be soluble in terms of stomixm und determinate 





sible. "Yt in cegretsable that Newton did not allow 
dlaciplned imagination re parm rch aggenon 
i the simplest posible definite theary 
Gee pa mae ato 
Did’ Newon think of the ether as 2 material or 
veri ley sree ts may pot uct 
‘over him, already abeerved at 40 many points, nuficient 
Tollow the great Paton nod iss pred 
cenwor Gilbert in conceiving the ethereal medians as 
something spiritual rather than material? ‘The 
reader has noticed that in che quotations vo far drawn 
‘Newton wes th tom “opi sino a roguanly ox 
mai 





‘be a corporeal or incoeporeal one. ‘Newtoo se 
these tecms in the same sente that his English pre- 
decesors applied to them ? 
“Thus put, the question is impossible to answer. 
oes nes 
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In fact, if we focussed our ettention on the cosmic 
Aheory just considered, we should have to deay any 
differerice in mubstance between the ether and solid 
bedi, which wkd ate se, Gomer secur 
corpora in Teter was sagt 
wold) boda. aie by “oncresemn of Ron 
Ere spr which Would sere to make the Poses 
sousey apron The fact in Newtons poiiviens 
‘0, prevent 

pet hn i dion, Seon 
ture of rather cpesiatently denied kenaw- 
Wage ct kl oo cathy at lek roan 
‘nmtaed on this post. odine exited, dipped 
eios nd ied in corals mathematical 
ree the echer, pole ee caisted, 





cleved thoneshly abe 
iy of tnt cerepcnon inte tee 
Sallie co fe beyond he nope of poh 
conidered to 0 able 
pices tS dcent adsl tion Terr 





Savi pai ec ents ony 
or he ety oe cme mt me ey 
ened he et gw Fn 
TEL hag eae af 
penal Cr eto 
SEMEN 


Section 6--God—Creator and Preserve of the Order 
‘of the Workd 

‘Thus far the metaphysical idean of Newton which 

Tr ba See amestpting exemplify in the min the 
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day or rest upon some feature of his method for their 
final justiscation. His ceatment of space and time, 
fhowever, has led oa by 0 che mporennc 
of bis ultimately theistic tion of the universe, 
td pow en we face the latter more diecly ie wal BO 
Kelpful Grat to note that hia cheological views represent 
peony vot the tid 
Fre ia iateret to Newinn: 
Peele wih «nln Gr te mont pat ifn om 
of cence a mobed Was quite Supers, 
5 aretha miei 
reat or prot by = 
tueg: Newtge un couSene as we, sal ae, that 
{ttn empiial fas open to txybody's obtresion, 
implied "uoqualdedy the: cutee of « Ged of 
ortain definite nacnre and ‘function. God was not 
detached from the world that science seeks to know ; 
indeed, every true step in atural philosophy bring 














vs nearer to & ‘ofthe Br cause, and 
for this reason to be valued—at will enlarge 
the bounds losophy also, ieasmuch xs 





‘40 far tn we can know by natura) philosophy what 
isthe frac cause, wbat power he ban Over us, and what 
benefits we receive from him, so far our duty towards 
him, as well as that towards one anothez, will appear 
to Us by the light of nature.” *" So, although 
religion “and science we fundamentally different 
interpretations of the universe, each valid in its own, 
ap et for Newton inthe lst nals, tbe realm of 
‘science was dependent on the God of religion, and 

ed the reverent mind to a fuller assurmnce of his 





by the man who wrote almost to many Senogia) 
sate tne 
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isverations as scientisc chassics had its wtrony and 

Stan room posses which he wold be 
led purely scientific, 


(A) Newioe as Theslapien 
Newton's place im the religious wnsettement of hi 
ea would be wn in ‘topic far mtudious 3 
‘ation, He was accused by the ulttorthodax of 











cot ae 


‘ap Ab cmc, a i comand ot 
oman 





a | 
oH ae i ti 
eanAe {aPeesh pags Ha 
cee 
oH ER 
5 anh Hla in Fa 
cial te 
(Hal -Nzbah geht 
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Seviour and infillhle Author of the Christian 





‘Baie Bement} Wns tat warm doch sabi rn, 
(Se wher wen et rer ud uty wh inte a? 








Hore facts whose ultimate causality Newton usually 
ascribed to the ethee soem to be regarded ns the direct 


of God, ech a pvt end the podaction 
ob bedi zoton by the theological 


(Ponntlng oft Foste of of nature 
= Aigsing Nerang te foyos wake 


got wien ‘OF these teleological argu- 


rman: Om RE MOR ae 


ail one andthe same way in orb concent, wile 
comets move all manner of ways in orbs very’ eccen- 
tric” In bis first Jeter to Dr Bentley, on the 
‘occasion of the latter's tenure of the Boy 


cecuton of th ople lecturesbi 
1692) this argument ix developed in sore deta, 
Bentley’ tad. wntten to. Newtocr cninng. art 
cosmic hypothesis of the creation of the weiverse from 
mater evenly dispersed throughout all space, on 
certain points of which be ‘Newton's advice 
because be had deduced i, a be belived, fom New. 
fonian principles. The larter's ceply approved the 
tan flere of the scemey tat Qevted Ml epe™ 
dally to the above argument. 


tiny ie Imre ny ope shew or epee, Ted mo po 
ech prc w nighe wat wh cong ie er 
‘Dery ane mttng co joer me meme Ua Sad cl Sr tht 
pepe Deed Cave deo Ue probe any moms the wy, f= dr fo 
Rotang bat aay wal pet Comes” 

“The mam pone, he een sr sepeenarl, whch pd the 
run the onaw af beer prmery Peay plod Searw thy een, 
fis ec fb few mene Pha, ned Japer  e coe af 
1b Sareea pany ad heer he esi fhe ogee 
‘i dancin, ba on cru Hd or wnt Carat rp 
‘Be eo week! tae brat bly ofthe mew ed ch Rem Ppen, 
he eth, hat whee hgh reat Why tee w on dy on 
ue to pe ght td newt al he Foo many 
tat ose te tho of epee dengh coon” aad Wty 
dae bs oon body of hla an L Kaew wb rey Ut bon ak wah 
(Reenter tod cobpler le on For thr Gamma, 
ypocea of sane hing tht gh, ant da vraag to come und 
(gree e panes cas heen oy ope tnd Py eomm 
‘se ewe car ces ey app ow uy doce ee 





the rman of ont Pat, Howe tne the eb of pr, td wmecaret 
Lower te te cr of Fina ta Moros tad et mee May em 
tovalvay mts fer th en wih he me dep of me by Ach 
ey appeared bm 
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i by eat 
incre segumcnt for the creation of Ce oe 
tystem by an expert mathematica. is 
his zealous quest for theistic evidences, bad suggested 
the inclinatian of the carth’s 1x03 a9 an tional 
proof. Newton thought that this was overdoing the 
matter, unles the reasoning be cautiously guarded. 


aly, Xe thing eeniry i inchoate 

ab fe povng » Dey tan ye wl map lew covers Fe 

‘aca tc ad rng rth ane tee sp 

(nd ha the ural eco of con nd ple ey col Madly 
comevery 
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ln ne any conan psy mca by Nang deem all th 
(nie wey vite mst td wen) en ey eet 
{Soe nan inte eyo, whl w Fenland ahora, wee ie 
(Ct ey tach 

"Tre jt coh seyret fr « Diy, wach Te ee a ry 
sarong or er il te facpin de WAL 1B grndal we hwr 
‘noted (lak meen edvniet ita” 


nerf potting in Newon's nt wetiage te 
jate whether a2 3 there advan 
Ie die on hare withhcld fom Br Bentley peagede 
neat, 

‘Several times in his Bentley letters Newton took 
‘occasion to object to the doctor's assumption that gravity 
is an enental quality of bodies. This bis own 


‘experimental principles had Jed him 10 refuse to do, 
Sterna Diacthe Te. At ie ee ta Oh 





‘of he inw of 5, andi spparent 
Gtivetalty fo the well ef mare, bad encaged 
4 general impression chat gravity Was innate in matter 


‘ccording to Newtonian impression that 

weer ainced by Gas pues shenpioaes 

of the doctrine a ha pcce fhe vcd eaton 
the Priscpie. ” You sometimes speak 

fe Preteens aE of = 








sa yup feo hen snd bo ely 


ne a et’ 
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Doms, and canny that which can never be hereafter 

supernatural power, could never be hereto~ 
Bre without he name pwc Hence, whetbee 
‘with gravity etrencal to bodice ot without, « divine 


creation is implied, 





(B) Gab Preset Dasis ia the Coomir Econ 


wcNevion ths, bere of his power sigs 
eritage 4nd with a keen senac for all the facts of 
Uetor‘nd edapation tothe wordy sippors wih all 
the vigour of bis authoritative pen the view currently 
scorpld by all paren of the liter religious 
‘of the niverse. God originally created 
Sher und et thea inmotion ; Hkewise the space 


GSE fetes 2 SRST ane hae 


Paperaibe for ea order and regultr 
barmony in the structure of things that makes 
the object of exact knawiedge mdr reyeree conten. 


ion. It is when we inguire into the subsequent 
ae ieteee te bo Kundivrk teat we ill 
those elements ix Newton's thoology that hecame 
the mont profound bieieal significance, It wil 
be remembered dat none of his predecenors amnong 
the mechanial interpreters af mature had ventured 
te filly consent in the conception of the world as 
amathematial machine. It seemed cther impious 
Sx ingeroao daach God om comin onesie 
srith the ol ete activity. Thue 
Tract, oy al bs coechanical cothenfany spol 
cf aig ot maine yh re 
guar, wd or come 
Clemo of the seppoeed dceeente tempor 
same By, Mare ihe em, meas wt 
conned to the principle 
[sig groeer betor Acne ede moo 
pane 
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4 penny le, 

a= capi 
ree ee 
eee 
stempied as of the varius war ia which 

God might be said to exert present 

toe deol of Me bears We ea Plopgions cad 
Teibnis that we ret ext spirit adveaturany enough 








% 

40 their doctrine, God Almighty wants to wind up 
his watch ffom time to me, otherwise it would cease 
to move. He bad not, it scems, suficient foresight 
to eaake it « perpetoal motion. the machine of 
God's making ia v0 imperfect according (> these 
tlenen, tht he is obliged to can it now and then 
‘an extragrdinary concourse, and even to mend it 
a2 u cockmeber meade la work 4. who cot conse 
quently be v0 uch the more unekilful a workman, 
ibe bhai o mand Nig wack ad 





», the same force and 
cpr soto ty nei we ny ie 


inv of cetare ind te basal pecoehed crder 
‘And { hold that when God works minsclea, he doct 
tnot da it in order to supply the wants of nature, but 
those of gruce. Whoever thisks otherwive, mast 
needs have & very mean notion of the wisdom end 
power of God.” 

‘Now from Newton's writings, as from Boyk's, it 

ne 
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ia posible co pick pamage afer pemage in which it 
siete dnd oe der DB correc 
‘the world of nature has been quite independent 
Goa for its continued existence and motion, The 





foe cesiprerecs of Geis | Det when we 

‘more thoroughly we 180 more 
had aay intention of realy divorcing God 
nt control of, and occasional interference 
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usually the proportions are unmistakable The 
Faevous pasagrips on the actre of the Deity in the 
sl en of the Pops the mow sang 


"Tha Bang ems A lng oc soa a hb 
und ane ca ant gts otto led 





fxn stuca foe calling togeber i toe riddle of 

Thin isnot ugh in te Prinagie ‘Newton 
‘Ei had conde tel a oerving at node 
fo prevent such » cllepet God had sof thee sy at 
fnbenve deemces Gott one sother =. Of cae, 
thy cede would tly ace cough al te 
ge of tine, hence the reader of Newwon ix nrprted 
1 autor moder ce hs ily rae 
ot ime 





a ene ert 
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‘hind letter to he amigns it us one of the 

divine fimetions ‘tp maintain chem at cheir 
intervals "*.. Tn the former note the question 

Bai Note the Ged a Som ang one 
3 - 


the lates, efter Mn the main, 
Bontey's eration be nde: And though 
tau rey on by 6 iin power coord kt 
an 2 conmtta 
the mi 5 00 that this frame of things could 
rot always subsist without « divine power to Conserve 
ites 
ii the nat query of the Opricks however, we find 
God wade responsible for a ssuch more intricate task 
in sppled mechanics: he is led the duty, of 
tally reforming the system ofthe world when 
{he mechani has sofa in cu of ear arto demand 
such a reformation. The active principles of the 
ther provide for the consermation of motion, but they 
do not provide anficientiy for overcoming the noted 
ely ela" be eget ge 
eapeci latter. “Due to fisintegra 
Beret eens under toe labuent of lar hea, 
and the retardation in their aphelia becanse of munval 
attractions among tbemuelves and between them and 
the planets; ewe de to the gavel incre in 
kof the planets, owing chicfy to the same canes, 
the "cause are on the increase, a0 the 
time will come when things mast be set right agzin. 
For while conaets move in very eccentric orbe in 
sll manner of positions, blind fate could never make 
wl the planets move in one and the same way in orbs 
canceatric, some inconsiderable irregularities 


























which may have risen from the mutual sctions af 
Comets and planets wpon one another, snd which wl 
be ape to increase wants a refortaa- 
ton." God is scientifically required, Newton 


opine me: mde Palas SO 





(©) The Historical Rotations of Nevaten's Theism 
Contrast thie Newtonian that of the 
scholastic system, Foe the latter, God was the final 
Eronneny 





94 METAPHYSICS OF NEWTON 


cen of i and more significantly 
‘than thei in matare did not 
fee ene poem ome george 
‘oy faa mee er ooo no 
‘enjoyment, end we on i fi 
rie, he in car we wade fon bly 
nd whic completod the divine eu, to know God 
toa copy im freer Gad bad oo ihe 
‘was the ultimate object of purpose, In the Newtonian 
world, fliowing Catle's eer speueton a sie 
Fane tooology fo unceremoniealy Gropp 
fonols sede" sero fe woton teolog wks, 
fn itueif the Sal good. Man exists to Know and 
applaud it; God exists to tend and preserve it. All 
ania Gveget sa andy of men are 
implicitly denied scape: © if they cannot 
be subjected ‘te ged ee I echaniy eir 
fe crc ne te eam of Ne. ‘We are to 
ecome devotees of sxience ; God, no” 
Ghe chief mechanic of the universe, bas become the 
comic conservative. His sim i to maintain the 
ss qs” day, of ove ie alin the pat + 
there if no further advance in time. Periodic Fefoe~ 
ain heen th ain ft ina 
masses at the points uired, but no new 
create actvity—to ths Fv fy ral Bouse 


Pete aes inn ee ta beep 

















proved everfable boomerang 1 sie phen 
Toyo rigies dar os aa sock of at i 
Fanpeckings the rosin providential function he bar 
attribute to the Deity was this comic phumbery, this 
meticulous defence of bis arbitrarily imposed mechan 
fel la. agin the, threesng, encroaches of 
larity. ‘notion vine 
wm Pope at 
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Sigua En we 
became earlier evident. Tene 
the present eaistence and activity of God 0 imnper- 


fections ia the comic engine ‘was to court rapid 
Sor oon, fon a eae 









pty ey replay 
and governing Wil 


“What though in solemn sleuce all 
‘Move round the dard terrestrial bali? 
‘What though no real voice cor sound 
Within thet eadiast orba be found? 





But science moved on, and under the guidance of tbe 
Jess pious but more fruitful bypothesss that it would 
be ponte to etend the mechanical ide ver eer 





sew, ready durbing the Iearned word wih the 
‘suspicion that « Fire Cause was oot ax necessary an 
det of reasoa as it bad appeared, and Kant wus 

the ‘taalysis which frankly 
Purported ta remove God trom the realey of knowledge 


‘unpredicmble adapes and remains in the scientific 
ete to-day «slic of ancient sri tll 
avo ‘man's sttempes to think atral 
Gur he weed Whe only place fat for Gawain 
the bare irreducible fact of intelligible order in this 
‘hich a regard de commos a8 whole could not 
ite eacay ‘septic, aod a8 
rain of seal aoe wan 





iy 
jet 
Hew 
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‘wotld without which ita intlligibility and beauty would 
dissppese, Furtbermore, the subsequent attempt tr 


iy penetrated 
ith rience ot pilwoply, God bad ‘ben. quite 
Siminated fom the scoot snd the only thing tet to 
‘achieve was a single and final strp in the mechanization 
fae ree thee rsidal vals of sey 
irregularly scattered among the atoms of mass that 
‘twam mechanically the ethereal vapour in 
tice and space, and otil retxining vestiges of the 
‘roku pelos and pls ofthe eal opting 
ive stn 

raalc dock Fey tho ts raw mites bade 
‘een supplied by Newton's older English contmpor- 
‘tries, Hobbes and Locke, who had applied in this 
ficld’ the method of explanation in terms of simplest 
parts, merely dropping the mathematical requirement { 
they lie shy need we ree «rae 
lien tl ‘setting to St appropriately into an 
ic hypothesis of the whole 
of this eckwark 








Veilliant French minds of the late Enlightenmett, 
notably La Mettrie and the Baron d’Holbach, and in 
‘2 somewhat different form in nineteenth-century 
relation. we ; 
'o follow is obviously quite 
ona cee secre i ely at 
early moder science. ‘The rap eli of God, 
hhowerer, from the categerica, rendered iereversibie 
the projection upon modem philosophy of the sotable 
problem to in the introduction and yer racking 
the beans of thickers, whose esscatial relation £0 the 


at ‘METAPHYSICS OF NEWTON 
ian metas) scheme can bay therefore 
T refer to the problem of Enowledge. 
roe 4 the exitence af 2 God fo whom the whole 
rexlm of matter was present and known, 
tveceded ip maining tf sx an unquestioned 
conviction, the ‘how man's soul, 
the dark room: rtm rice be ni cod ply 


Wik enn ee dy 
Ba ae tae we pl ea 


‘This is why Boyle's comments were 10 


pat who velly phil 
Pip, Waewae Sope by « xp gue 
the Garnt ovresenng fie ache, memphis 
featopetence of feone : tbe 
Newoaina, work withost God must be « word in 
which the reach and of knomledge i decided 
Jy and closely limited, sf very existence of 
iknow! at all in possible. a, eadaiea, hed 
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‘what radica) conclusions would they beve 
been Tikaly t0 reach ? 


‘CHAPTER VIL 
‘conaewox 


(A) Need for Philseply of » Crisical Avabpis of she 
Mataphysic of Seience 

‘Wr have obseeved that the heart of the mew acientic 

mer ic isto be found in the aaceiption of ultimate 


ad coun effexcy 
Tipe eg nik eto 


‘space and time. Expressed 
Sie orogi reend Saeed me to be 
dintinguished in the transformation which iaeued in the 
say of tit merapbsal ew there & 


‘seaphpcol view uoge 
in the 1) of vi rs of 
sting nd (So the loan eds "Fine ke veal 


Sol hick nan ies so longer ropa 
of as many ultimate 
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‘which bad been his ax a part of the earlice teleological 
Mirarchy, and Mo sand cao $0 be described Sn 


‘combination of seamtiona (now reactions) insoad of 
in terms ofthe nhac facing ‘Third the aompt 


ape ee of science in 


of these two 





felis aren eK hetor 
moarings and to consider it foundations afresh. 
ime, of he cash ofthe Seoriy wi be = 
4 new scient world whi 
ae hae cet of Oe ee AO 
foundly as the great conception of the. mediaeval 
In view af present rapid transformations inthe 





this new picture in detail cannot be wisely am 
it rout take icv own time to arrive. Yet if ought to 
be the prime lexscn of the present historical study 
thet attempts to formalace this new viewpoint by the 
mere synthetie of scentiéc date of the logical criticiom 
of ito naurptions are bound tobe nadegune in ay 
case, tof the nt impecans ha 
mented by x sound insight into the 
fave ‘conditioned. the rise. bok of the. mediaeval 
metaphynic and of its mathematioo-mechanical succet- 
Pans nam seen by all thinkers 19 demand 
rough critical averkauling. Without auch ingighe 
the new metaphy, when # arrives, sill bo but the 








joa CONCLUSION 
‘abjectifcation of the mood of an age, perbaps fitful 
and temporary, rather than the reasoned exprettion 
of tho intelecraa! insight of all ages. Unless we can 
‘tpproximate more closely than has yet been done this 
eralized i don, the mew connology wil 
be worth the effort required for its conetraction. 
‘Bur nothing can provide che panorama needed for this 
effort except extensive biscovical analysis of the sart 
‘that might include the present srudy as « huesble con- 
AE teyoad ts of « conctnding chy 
It is e @ concladi 2 to 
ati Bee sop os aang cane 2 
‘hile to consider beiely the ares fundamental phases 
Just mentioned of the rrunsformation to the mechanical 
‘workd-view and see what the historical approach might 
top ta contribu to the cles’ f the ints 
involved. 


So far as conceros the of the easential 
ature of reality, it ought to be fairly obviows after the 
feats of modern physics that the world around ws is, 
among other things, x world of masses moving 
scons patency mathe eve in Sine 
and space, To bring int against 90 much, 
‘would be (o deny the actual usable results of modem 
scientific inquiry into the nature of our physical 
SDEM for omct nuchtontial acto men soert 
enact is, men 
‘out of the temporal and spatial realm all non-methe- 
ftttieal characteristics, concentrate them in « lobe of 
the bealn, and pronounce them the semiceal effects of 
‘stomic motions outside, they hive performed a rather 
radical piece of commic surgery which deserves to be 
carefully examined. If we are ight in judging that 
‘wishful thinking in the interest of religious asivation 
layed «strong part in the construction of the mediagval 
i of rely, ig it nat an equally plnusble 
bnypetbetin co suppose that wishful thinking of another 
ort underlay this exireme doctrine of early modern 
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yrce—tha became it wa exit ge abe in the 

ition of mature to a system of mithemutical 
spas oy cope ay - 

of the human miod that was not s0 reducible, naruree 
st once to maiko the convenient amu) 


Goof And there i ceric pein 
low cold te weeded phpled mathe feces 





removed. To get ahead iy with their revel 
tionary sckirvemeats, they had to attribute absolute 
relly and independence to thove eats im terms of 
whi ‘were attempting to reduce the world, 
logy Slowed te atrly ox you se it hyo 

on sx you please. It bas, no 
doube, beca worth the metaphysical barabarian of & 
few centuries to powces modern science, Why did 
soe of hem oe de wependows Gili nse? 
ere, t00, in ‘our study, cn any 
doubt of the central reason? These founders of the 
Philosophy of science were absorbed in the matho- 
matical study of ature. Masephyics they sended mere 
cand morn to avid, 49 far as they could avsld i; 30 far a3 
foes, it became au instrament Jor shor farther mathe. 
ssctical congress of the werd. Any volution of the 
timate questions whic continaed to pop up, hom 
‘ever superficial und inconsistent, that served to quiet 
the situation, to give a tolerably’ plausible response fo 
their questionings in the categorice they were now 
familiar with, and above all to open them 8 


apyrtgya 
aig 
“i 
th 
ieee 
Hp 
He ae 





i 
iy 
3 
z 
Le 
is 


tertiary ones ernbodied in kuman institutions have to be 
« ‘quite different etatus than the one congenial 
to the carly mechanical phlvophy.. Thewe develop 
ments strongly that reality can only 

Consineatiy fepucded ta x more coupler ff that 
the primary qualities simply characterize navure #0 
far an she fs subject to mathematical handling, while 
ity harbors the secondary and tertiary 











eal 
tie asious aspect of mre ithe gent difclty 
contemporary conmology; that we have. not 
saison sob fa eden fe comiders ‘he 
logical ‘radia in Ge theory of exergent ele: 
ion, which appears at the most 
Stine tr dedlng vik he poblow, In tid Coney 
‘we either beve to suppose fundamental discontinult 
in mature such #3 permit no inference from qualities 
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rls exist to those later oF else we 

sels ee ea oe 
pa ela hcn potter 
coukete enboiieeets Ths: ef a ives, 
mo ckarpeear ig anes 
Sei ey eae et 





tin effect 
sre in th 

Einar ‘considered than we ave 
Se peter reese 


of external facts ia muck more fertile and, plastic than 
‘we have ventured to suppose; it may be that all these 
coxa nd any mer alind encatone 
we arranging what nature offers to our 
anding. aed tre he main condor Gece 
‘ining our esection between them a something in us 
Sane app at reibed Sr ke a 
posibiiry mi < tor 
Faidiesalming to ferret ont the Fondatmenal motives 
cece Sine vopewed snd 9 me 
atc analyses. ay i © 
et headwey seemed feible et crluting, thm, 
discovering which ace of more enduring. 
and why. 

‘This becomes mare evident still when we face the 
second phase of the Newtonian transformation, the 
lem of causlicy. Different thinkers anda 
ve made widely sssumptiom us to what 
constitutes » sound caus of any crent— 
only historical study can revea) the factars conditioning 
the appearance of tach type and afford us some basis 
for deciding which of them is the more plausible, or 
at least which points in the direction of fulleat satie- 

faction of what we wast an explanation to da. 
"Viewed in their historical in western 
scientiéc philosophy, there would scam to have been 














306 CONCLUSION 
to date threo basicaly distinct convictions on thia 
ior Outi ntl patent Panic 
prseens a a ic ctr ha the cure mu 
oy or eminently.” 
miami Smyyerwe 
Sealine elge poure 
‘this mean 
Soe in eg Eo sy ela ts he 
Wiig (en ent reakstmem | =) mur be 
4 the uldimate bracing caute of 
Events, ‘The second inthe mechanical position whose 
fe fo importance we Seve vad in the preceding 
1 fundameatal assumptions ere 
fais and foc are reducible to motion of badien 
ip ean pac ad we mutha git 
point the notes of rope out ot ag 
notion fecion out 
entirely; the tak of explanation becomes bit of 
analyzing events isto the motions of the elementary 
apni of which the, are compoue end eating 
the behaviour of any correlated group of events in the 
fem of tn equation, Here therein no uch thing as a0 
timate plone oven the frm of met 
lap complied i, the wpecic expuntions 
SS alent ee 
‘4 pomible by the 
fn explana caring fw be bt 
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ERRE 5. 
Hrtliien! 


Underlay the tasumpeions of earlier thought, tad « 
enstic ouury Eas the Actes wick hve coe: 
Grioned the tive and Gil of these interests, would 
Haeireg ted otngete tpi goon Deva 
insight into their respective eens, 
ree of el rennin, ihe ere 
plusibliey of comalogial contacto which ea 
Frais ose or the ete of thoweapprenchen 
The pedo of ica ave eo ming 
incre ‘modern 
erp 





get CONCLUSION 
evident from the preceding chapters. To-day, however, 
there ee indications of a sense that thin prejdice map 
have been overdone, IF one adimics chat there s such & 
thing #2 valve in the universe ar all, he finds it very 
ial to, coosroe it withoat, ring.» pace 1 
theology. To analyse a value and reveal its cements, 
or to study its history and mode of ep will 
anrver some questions about 2 value, bat will not 
Seeount for its eature as value, Bhs wait 

‘we are to mainte, as sophisticated 
ay ideal may be worth ving fo, jail pel 
ideal, even though its ongin be bumble and ite em- 
pirical destiny very uncertzin. This implies that 
queations of ansiysis and ae irrelevant to the 
siahis of value at s0ch, and Dave we found any wey of 
rationally construing values eave thee of organising 
‘them into x system in which thet value which under 
the circumseances is taken ax supreroe determines the 
‘worth of all the rest? Now it may well be that eience, 
ep een of al crue, cvel the present 
and Furctioning of values in the Fundamental categories 
it sclects and the way them. If 0, then 22 
adequate scientific ‘will aot be able to 
ananage without teleology sn some form, and it becomnca 
4 question of frst-rate importance what that form. 
is to bet Surely 2 comparative study of different 
tages he gro of scenic inking il hoe 
light on this quesnon acd suggest hypotheses that 
could be enteresned with more confdence then azy 
reached by a structara! study of contemporary scientific 
1s may be worth. whit wo samme st somewhat 
greater length the third phase of the Newtonian meta 
Physic; aamely, its doctrine of mind, for it is at this 
point that philosophical critiiem has already shown 
Self to beat advantage in dealing with the mete. 
ical problems arising from sodern science, and 


Eee ae emer cre eae ee 























realises from Berkeley dows hive been lazgely occupi 
peice ne ae porate Gas 
dualiam, with its conception of mind es eubstantially 





Let us critically summarize the situation with 
‘eference to cach of these poicts, commenting with the 


Fexmer. An eppropeate tot fortis prncaas qoesdoe 
tril be found bs tone Highly ironing sement 
Bewartes which bes ‘Sec Grice quoted: 





“When any one tells us that he sees colour in» bedy 
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tn et Ty ck ay Se af dy 
Tied sent ony mem ibe ola Fie 
Tow a an sre ust hag bm at soe a 
ee Si ey sete onct hem enn eet 
Tis qcliea us emma scot ramus ae ry 
SCE re eee erat wear rm ot 
eo 

Tn tem pan mm nwt ar tae Bee» 
ia enaty pha re nary me 
CONES aT inn wa ho om vay porn 
tytn tm or atm ny yw ey oar dag at 
A ice ew a ht nek eco 
ote ew by po Now btw coe we sine cmeonn, 
poets pega nd ey mie ee okey 
endef manna gam ttn hye bron nn 
LR ee es a 
Dinca teen ree eee de mrs ad 
SSIES, ean ong tee 
ee ee ae ee ve ene 
peer anemone arses 
ToS ee 
issue ore ee sow encom ne poche ot 
RI So 
two at ortonaee orci new Be ere ioe 
SIS Tees 
Froneirrinpanininy 

oir anely yy snp int Bey 
npn i a pooh dae ong te Repel wees ak 
fe hnaliasfel eneineninernnenyepareranare) 
pron} opeerphegetcey weep rey wreny 
hae ty pny ean kw py 
Pik eednsnen bane dompe bapinerenrero 

Haley proceeds to discuss the idea of primary 
‘quilt #0 held ae 2 ttse, and then returns 
to hin experiment of the 

1 bes mat en hag pc vw x 
te ck net pd nc in et 
Tacting wee me pb cnn wi asp 
peer epi ng 

or eerererat 
yaa maby ee pe 
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a yng mee me Sn a pay a hg 
ete chek ly ae pe de pt 
Tree ecw by eb oe errr Er, a 








Fh neg end ga, Pie 
Nerney . 

ay opt sag yee 7 a Bese 
Cian cece cates 
ber ginger b mey pie nt 
peg pore ren 
absolute materialism and frectig tncaewce ‘be would 
oe meee ee a woe 
Sieh eee eo et 
pak 





the brain, they would 


never have supposed that the notion was siapperted 


ioe =e 


if ehinkers wore not already coavinced 
snort occur in 


meme bei 
ey 
fing 


at 
chat 


‘alls our attention to some 


he 
the 


Steel ud’ af tht eome eave Ee Again 
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in is fle in the same place, ity where the fi 
ould bave been Eat thee now But 





SmmPEY space, hexce, tiumpbantiy exclaims Professor 
Haley, tho pein erin tact bein the brain, Bot 





convinced by some metaphysical prejudice that it 
smut 'be hee i 

‘Bat the worst ia yet to come, Let us adopt and make 
thoroughgoing Husley's evident premise. Our senss- 








y 
‘cheery 20d cor 
Fast lana asthe net ssa and tp 
Eamediate perceptions are the case of 
ie sy yw ne 
eoniog. tt thin pulney beac, at at te pen fat 
tose bevin the brtin, a the sound heard ist be 
tla the bran. A ep forther we cureches ahall 
dd, namely that the ‘and extended thing 
tan mast e in the bean Ekewse. Thi esr 





ae CONCLUSION 
‘cthing but # consistent tof Professor 
Hiualey's admissions and The objects o 
fontents ofall the sense re alike concord 
nerve in i. But now, 
etn redo rte i a, 
me (universe we peresive and ey 
tyrvcies tive nt Te is al Cotracied lato 8 eee 
fof minute, if not mathematical points in the brain. 
‘Bot moce still—in much an event what in the world 
‘an-we mean by the brain? Where docs it and the nerve 
fibees that lead into it exist? They too are known only 
by our various senses; they too must be nothir 
minute pointt—an the same brain? No, thet would be 
a nonsense—where? Well, way « moment. 
T never do perceive ny own brain, So far 
1g Rowe cect sot riya 
something perceived by other people who 
Fappen to be inereated in inveotigating i, Thevefore 
ta whole of my pernived univers plus the brn Ia 
exists mun be located in. somecoe else’ 
ee Bed where doce that bain eit? In wma ti 
Drain, of course. Where now exist those last brains of 
ese who persive other brain but who are un- 
te enough to have no perceiver for theirs? 
Surely we have somewhere run off the track of 1a 
thinking. Te becuse ee bape flee dingash 
bere saeet game ele ers of real objects 
to which they correspond, the former exiting in the 
Uurtin of the perociver and the latter in the external 
Sl Bee whet cn be mmc by cerca of rl 
objects if they be quite different 
Fos reed este! What ce be masa by corer 
poadence berween the two? How can that corres- 
pendence be verified if only one term of the relation 
ver comes within, he realm of, prrption? In 
‘we correct dubious perceptions by 4 
CElas' percep oo meee amet ee 
Superunn ick menting eapeccneds all tt 
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challenging stil, what can be the relation between the 
of ral cbjoc and the space of ? Both 
betrice nde conie dl ero twit 
‘even the aptce af perception seema to contain my 
‘very small object within it, But on this theory the 
trbole of Rent Ge eoclved within pa tse, 
How vase a thing the latter must bel 
Giarnee that I in carro by tay vensible eee 
of tools must apas only « small of xy oWn 
‘rain, fr all uch meararement are within the gata 
world of my perception. Stringer sill, the braint 
‘eho Cnn ey me ber daypersonnel npecced 
‘with my own; they are but tiny portions of ti 
spec Bob ehich ap wikia Crone brn. Aad ca 
arsooe of ai an, Smelly ‘must be 
track again. Or is the brain that [ perceive 
fe mnother manta head bot un initia poist 
‘within his own real brain? It iz such a point within 
‘ine, and mine is the anme within bis. What then 
the spatial relation between his real beain and. mine? 
‘Which includes the other, and why? 

‘Those who combine cealiam with the Newtonian 
dualism have trouble enough on their hands working 
oan oor ge song geane Soe et 
or later compiled abandon 
Steamien iwcredy th sack "too 
Iuch he te pace of rel oboe to real any 
catia difeence rom it ‘Al pede be el 
ftom lesan piace images und cher exp 

hcking vocal objective, fonction quite scopy 

space. And once thi poit bas been reached 
re ein no huge any each foe muinenog he 
distinction between weased qualities and the, real 
character to which they, corspond. In weidicl 
pperocption they are located in the ame area of space, 
and we never in fact attempt to find out what farther 
imperceived things the ones we perceive correspond 





ne CONCLUSION 
to, But this is the surrender of the dualism in anything 
ke its Newtnoian form. A radically diferent theocy 
‘of mind ia required to construe the situation im thia 
fashion and co make the fundamental structure of 
scientific knowledge more than unintelligible nonsense. 
The fet in, we can mean by eal abject only two 

Spat Tara a transceadent and 





Eally'ideatcal wits the apace of perception. In 
common ie we all eanume this, nd ke 
Serpe wide eget of ean ted 
on our own spatial prezptioa, 
“These is ainply so ebence pousble of the realm 
of weable pietomen wring Ge eroroem of 
tour immadinte. perception of spate drecions 
fusion be Skee Ear granted. You ink Youelt 
femutet i cugetog ness Os beta terres 
yu see what happens wien the nerve Sbres are ext, 
{ot ou Tigh smu tha year no i gig Jou 
Heater Be wha ig on i oe porton 
apece eo fou are se 
es a & ces ae aes ee 
Fee Fn ti, eee er 
rod, nok sche 7 
car sound and ectse m4 of etre 








By 
‘The only people to whom it is an 
those who alceady assume that the 
vob ate rn oad tay were cole 
they would acknowiedge the secing to be in the brain 
likewise —and where such reasoning enda we have just 
observed. Hence why, pray, in my feeling to be 





all of them we is rience things in various 
ioe tee 2 ace ae 
ei pg oderge We I 


senses docs tot obtain. if L soe a ghostly 
forma where other people tll me there ia nothing, o 
fT call objeces green which they call red, still [can 
Ibardly deny that J see what I ses, and in certain definite 
spatial retoce withthe ater ject of my vision 
i 30 far as Iam a social being, Lowever, I aoed also to 
get At & common spatial wold which is veciGably 
ize fr al people: 1 de Ie nce, 
‘must get at an orderly, dependabie wor! 

learn to distinguish clearly my purcly individual and 
untrustworthy spatial expeviencea from thowe which 
1p ema en gt mens tr ay eS nt 


SERS 





rick wil be het all he dat and ee lt 
inc ‘to guide their intecpreation in yet to 
be treated. In geet, itseny be Ed Gt two mat 
directions have been pursued. On the one hind there 
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events, and who might remonsbly curse their elder 
tcc beaten fi tying ae sccm er 
own ext ‘erm handicaps in 
feed pepe dloaae Lge gy otolire 
Sn, the chip sod “whtlogy of wien ther 
eclence, 

thas & pomible object of scent knowledge. 

“To be sore, sorae thinkers in thone days were willing 
‘to make vertices that might, if wisely und prophetically 

ped, have led in. tho direction of an objective 

science of mind. Outside of Hobbes! crude anticipe- 
tions of bebavieriam, Henry More's doctrine of the 

al extzasion of mind is interesting to explore 
em this standpoint, More was wilung to grant the 
nateralnty that everything really existing occupien 
space. Mind, too, then, is an occupant of epace and 
has its own goometry, to be studied by comparsble 
techoiques to those by which the geometry of bod 
motion iu determined. ‘Thus, seemingly » verifiable 

ww 


i 








science of mind might be worked out 
tm wander along the route that this specula- 
tron might indicate. "When feel pain in my band” 


1 champion of this view would say, “resistance of the 
‘earth aguinst my feet, and gaze at + glorious sunset 
beyond: the hille—all' at the same time—am J not 
‘extended in space? And if to these experiences be 
added a memory of some previous and more glorious 
sanaet, together with an anticipation of the twilight 
toon to descend, um Tt extended in tine slot 
ro be sure, there are important differences between 
my spatio-temporal extection and that of material 
bovies The ler ae regu, dependable, dviile 
into parts, and orderly, at least’ as regards. their 
mathematical qualities and behaviour, the space and 
time which I cocupy is s monstrous, irreducible unit, 
fluctuating rapidly tnd violently in size, shape, and 
centre of areution. But certainly rey foun 

‘experience through all the sezses negetcs the notion 








e@ivinsn worrounding the body? Are the thi 
tard in the body, othe things een, no frcher 
boundary of ‘such ghostly fei 

Neat enely aod pupal be tote 

reason 0 suppose thas ideals and mez 

Inthe present body at ali? Have noe the peychological 
and phyviological difScuites sbout them aren 
largely becaose we are determined to push ‘them 
sotsehow into the beain? There it 20 help for it, we 
must declare uareservedly that x consistent ctapiricis 
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‘But chia ovtoome, of course, reveals bow impossible 
it yl be to make tn exact sccocr of mind by the ad 
of these conceptions. The mtind chus studied is 
Sepes ocnpla b&b Roto 
36 space it occupies is « uni 
Setetinable by any of the techniques’ of 
mesurencat wi i ow oe es 
tciancea. No, thi motive will lead in the 
direction, of ‘dentifying mind with activition of the 
crm boty, WHA reper tomtng obeiely 


tik sre nuficently correlated with mental events in 
tI sense 30 that the extent of the trans- 
Giuaton y soscwbat mished und the radical aoelty 
‘af the doctrine minimized. When this is done with no 
Eileen but tecrntng tr ietta of ere 
“Uniguenem bue ach of ol 

y, the outcome is behaviarism; when the 
fame motives we dominant but quatre uniquen 
of term and relations are permitted to each scence, 














ich wish to render mind material for exact prediction 
find coctrol after the fashion of objects of the other 
acieaces—were the ancients and medivalists entirely 
in their doctrine that mind is in some sense & 

‘and augeriar entity in face of the vastness 

7 nature? Is there anything in che scientife 
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